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Urea Substitated Imidazoqiiiiiollne Ethers 

S Field of the Inveiitioii 

This invendon relates to imidazoqumoline compounds Ifaat have ether and urea 
functionality at Ihe 1-position, and to pharmaceutical compositions contaimng such 
compounds. A further aspect of ftds invention relates to flie use of these compounds as 
inmnmomodulators, for inducing cytokine biosynthesis in animals, and in the treatment of 
10 diseases, including viral and neoplastic ^t<?fiases. 



Background of flie Invention 

The first reliable report on the l^r-imidazo[4,5-c]quinoline ring system, Backman 
et al., J. Qtr. Cl^en^. 15, 1278-1284 (1950) describes the synthesis of l-(6-mefhoxy-8. 

15 quinolinyl)-2-methyl-l/r-imidazo[4,5-<]quinoIine for possible use as an Antmmi^Tiffl 

agent Subsequently, synflieses of various substituted Lff-imida2o[4,5-c] quinolines were 
reported. For example, Jain et aL, IMedChem. n, pp. 87-92 (1968), syn&esized the 
compound l-[2-(4-piperidyOetiqrl]-l^r-imidazo[4,5^]quinoline as a possible 
anticonvulsant and cardiovascular agent Also. Baranov et al., Chem, Abs. 85, 94362 

20 (1976), have reported several 2-oxoimidazo[4,5-c]quinolines, and Berenyi et al., i 
HeterocycHcCh^m, 18, 1537-1540 (1981), have reported certain 2*oxoimidazo[4,5« 
cjquinolines. 

Certain l/f-hmdazo[4,5-c]quiiiolin-4-aniines and 1- and 2-substituted derivatives 
thereof wwe later fiwmd to be useful as antivgal agents, bmnclindilatorff 
25 nnmunomodulators. Tbese axe described in, tiua^ aUa, U.S, Patent Nos, 4,689,338; 

4.698,348; 4,929.624; 5,037,986; 5^68376; 5^46.905; and 5,389,640, all of which axe 
incofpoiated herein by reference. 

Hiere continnes to be interest in tiie imHa^nq ninniiiift mg system. 

30 

Certain lH-imidazo[4,5H;] nq>fa(]iyridine4-amines, IH-imidazo [4,5-c] pyridine 
amines, and lH-iniidazo[4,5-c] quinolin-4-Bmines havii^ an ether containing substituent 
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atflie 1 position aie known. These are described mU.S. PatentNos. 5^8^76; 
5^89,640; 5,494,916; and WO 99/29693. 

Despite tliese attempts to identify compounds that are useful as immune response 

modifiers, there is a continuing need for compounds that have the aWKty to moduh^ 
immune response, by induction of (ytoldne bioqrntbfisis or other mechanisn^ 

We have found a new class of compounds that are usefhl in inducing cytokine 
biosynfliesiB in animals. Accordingly, tos imrention provides imida2Dquinoline.4^Bnine 
and teliahydroimidazoquinoline-4-amine compounds that have an ether and urea 
containing substituent at the l^sition. The conqnjunds are defined by Formnlas (I) and 

(n),whicharedefinedinmoredelaiIi>j/hi. Tlussecompomids share the geneml structural 
fbmmla: 



15 



20 




wherein X. R|, K2. and R an as I 
Fonnuhis (I) and (II). 

The compounds ofFoinmhui (I) and (H) TO usefiil as immune response mod^ 
due to their abi% to induce cytokine biosynthesis and oflierwise nw 
response when administered to animals. This makes fihe compounds usefid in the 

treatment of a variety of conditions such as vind diseases ami tumors flmt are responsivB t^ 
such dianges in die hmnune response. 
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The invention fintlier provides pharmaceutical compositions containing the 
immraiB lesponse modifying conq)ounds, and mefliods of inducing cytokine biosynth( 
in an animal, treating a vind infection in an animal, and/or treating a nw^^ 
an animal Iv administaing a compound of Foimuto © or (n) to ae anim^ 

In addition, Hw invention provides methods of synthesizing the compounds of the 
invention end novel intermediatBs useful in the synthesis of ftese compounds. 



lesis 
in 



As mentioned eariier, we have found certain compounds that induce cytokine 
WoqmliuMis and modify the inmiuneie5)onse in animal Such compounds are 
lepieseuted by Formulas CO and (1^ as shown below. 

limidazoquinoline compounds of the invention, which have ether and urea 
^unctionalify at the Imposition are rqiresented by Formula 09: 




20 



X-O-Ri 



CD 

wherein: X is -CHRj-, -CHRj-aDtyl-. or -CHRs-alkenyl-; 
Ki is selected fiom tiie group consisting of: 
-Rf-NRr-CRa-NRs-Z-IU-alkyl; 
-R4-■^mr<al3-l^Z-•R^-filkBr^; 
-R4-NR»-CR3-NRs-Z-R«-aiyl; 
-RrNIU- CRa-NRs-Z-Rrieteroaryl; 
25 -R4-NR»-CR3-NR5-Z-R«-hetBrocyclyl; 

-K4-lSIK«-CRa--NRaR7; 

-»r-NR»-CRa-NR9-Z-R<raIkyl; 
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-R4r-NRH^R3-NR9-Z-R^^ 
-R4-NR«- CRa-NRsr-Z-Rrieteroaryl; and 
"Rr-NRfi- CRa-NRr-Z-RHieterocyclyl; 
Rz is selected firom tiie group consisting of: 
-hydiogen; 

-aJksnyl; 
-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkBiyl; 

-alkyl-Y-aiyl; and [ 

- alkyl or aDcenyl substitated by one or more substituents selected 

fiom the group consisting of: 

-OH; 

-halogen; 

-N(R3)2; 

-CO-N(R5)2; 

-CX)-Ci.io alkyl; 

-CX)-0-Ci.io alkyl; 

-N3; 

-aiyl; 

**hfiteEOBiyl; 
-teteiocyctyl; 
-<X>-aiyl; and 
-CO-hetexoaiyl; 
each Ra is ^ or «S; 

each R4 18 independendy alkyl or aUrayl, whichmay be intenuptedby one 
ormore -O- groups; 

each B6 is independendy H or Cmo alkyl; 
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R6 is a bond, alkyl, or aDceiiyl, which may be infcmipted by one or more 
-O- groups; 

R? is H or Cmo alkyl which may be interrupted by a hetwo atom, or R7 can 
join with to form aimg; 
5 Rs is H,CMoa]kyl, or aiylalkyl; or R4 and R8<^join together to 

ring; 

R9 is Cmo <^ join with Rs to fomi a ring; 

each Y is independently -O- or -S(0)(ws 
Z is a bond, -CX)-, or -SO2-; 
10 nis0to4;and 

each R present is independently selected fixim fte group consisting of Ct-io 
alkyU Ci-io alkoxy, hydroxy, halogen and trifluorometbyl; 
or aphaxmaceutically acceptable sattthereof. 

15 The invention also infflw<^<!« tetral^droimidazoquinoUne compounds ftat bearan 

efher uiea containing substitaent at flic Imposition. Such tettahydioimidazoquinoline 
compounds are lepresentedby Fomuila (II): 




X-O-Ri 

20 (H) 
wfaeiein: Xia-CXKr.^SIU-all^^ 

Rt is aetected fiom the group c o nsistin g of. 
-R4-MRr<^— l^Rs-^Re^a^ 
-Rr-NRr<3l3— NRr5>-R€-«^^ 
25 -R4-NRr<3U— NR5-Z-Re-«yl; 

-R4-NR8- CR3— NRs-Z-Re-heteroaiyl; 
-R^-NR*- CR3— NRr-Z-Rd-heterocycfyl; 

5 . 
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-R4-NR«-CR,-NR4R7; 

-R4-M^H3l3-NR9-Z-R«-alkenyl; 
-R4-NR8-CR3-NR9-Z-R«-aiyl; 
-R4-NRff- CRa-NRs-Z-RHwteroaiyl; and 
-R4-NRr- CRa-NKr-Z-RHietBiDcycfyl; 

]^ is selected fix)m the gio;q> coosistmg o£ 
-faydrogen; 
-alkyl; 
-alkei^l; 
-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-aDcyl-Y-ananyl; 
-alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by cue or more siibstitaeiits selected 
ftom file groiq) cansisting of: 

-OH; 

-halogai; 

-N(R5)2; 
-CO-N(R3)2; 
-CO-C|.io alkyl; 
-CCKK:i.,oalk^ 
-Nj; 

-Myi; 

-hrteroaiyl; 
-heterooyc^ 
■CX>-aiyI;a]id 
•CO-hoteroaiyl; 
eacIiRaX8<K)or»S; 
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each R4 is independenfly alkyl or aDrenyl, ^ch may be intemxpted by one 
or more — O— groiips; 

each Bfi is mdependenHy H or Cmo al^I; 

R< is abond. alkyl, or alkenyl, which may be interrupted by one or mote 

RTisHorCwoalkyl whichmaybemtenuptedbyaheteroatom.orR7can 
join with R5 to form a rin g 

Ks is H, Cmo alkyl, or aiylalkyl; or R4 and R« can join together to fonn a 



nng; 



K9 is Ci-io aDqd which can jom togeflier wi<hR« to form a ring; 
each Y is independently -O- or -^(0)o^; 
Z is a bond, --CCK or-SQr-; 
nis0to4;and 

each R present is independent^ selected to fte gcDijp consisting of Cwo 
«%l,Ci.ioaIkoxy, hydroxy, halogen, and trifluoromefliyl; 

or a pharmaceuticaUy acceptable salt thereo£ 

Preparati Qn of the Go mpniT^Hg 

Compounds of the invention can be prq)aied according to Reaction Scheme I 
where R, R2, R3, R4» Rs. Rs, X and n are as defined above, BOC is ferf-butoxycaibonyl and 
Ri 1 is -Z-R^-alkyl, -Z-R^-alkenyl. -Z-R^-aryl, -Z-Re-hetexoaiyl, -Z-R^-heterocyclyl or Rn 
is R7 where R6, R7 and Z are as defined above . 

In step (1) of Reaction Scheme I the amino groiq) of an aminoalcohol of Formula 
X is protected with a rert-butoxycarboiorl g^mp, A solution of the aminoalcohol in 
tetrahydrofliran is treated with dx-tert^ntyl dicaibonate m the presence of a base such as 
25 sodium hydroxide. MmyaminoalcoholsofFormukX are commercially available; others 
can be prepared using known synthetic methods. 

In step (2) of Reaction Scheme I a protected aminoalcohol of Formula XI is 
converted to an iodide of Formula Xn. Iodine is added to a solution of triphenylphosphine 
and imidazole in dichlorometfaane; then a solutim of a protected ammoalcohol of Formula 
30 Xlmdichloromefhaneisadded, The reaction is carried out at ambient temperatine. 

In step (3) of Reaction Scheme I a lir-imidazo[4>c]qumolm-l-yl alcohol of 
Formula XIH is alkylated with an iodide of Formula Xn to provide a lff-miidazo[4,5- 



7 



wo 02/46191 



PCTAJSOl/46696 



10 



15 



c]<piinolin-I-yl ether of Fonnula XIV. The alcohol of Fomrala XHI is leacted wifli 
sodium Itydride in a suitable solvent such as NJ^-dimethylfonnamide to fima an alkoxide. 
The iodide is added to Ihe alkoxide solution at ambient temperature. After tbfl addition is 
complete the reaction is stirred at an elevated temperature (~100»C). Many compounds of 
Fonnula Xm are known, see fi»r example, Genrter. U.S. Patent 4,689,338; others can 
readily be prepared using known synthetic routes, see for example, Geistsr et al., U.S. 
Patent No. 5,605,899 and Gerster, U.S. Patent No. 5,175,296. 

In step (4) of Reaction Scheme I a LH'-imidazo[4,5-c]quinolin-l-yl ether of 
Fonnula XIV is oxidized to provide a Uy-imida2o[4,5-c]quinoline-5N-oxide of Fommla 
XV using a conventional oxidizing agent capable of fomungN-oxides. Prefisrablya 
sohition of a compound of Fomnda XIV in chlorofbnn is oxidized using 3- 
diloiopenng^benzoic acid at ambient tempeiature. 

In step (5) of Reaction Scheme I a lir-imidazo[4,5-c]quinoline-5N-oxide of 
Fonnula XV is andnated to provide a W.hnida2o[4,5-c]quinolm-4-amme of Fonnula 
XVt Step (5) involves CO reacting a compound of Fonnula XV with an acylating agent 
and then (iO reacting tiie product with an animating agent Part (i) of step (5) involves 
reacting an N-«ddeofFonnuIa XV with an acylating agent Suitable acylating agents 
inchide alkyl- or aiylsulfimyl chlorides (e.g., benezenesulfb^ 
chloride, p-tohienesul£9nyl chloride). Aiylsiilfimyl chlorides are prefisned. Para- 
20 toluenesul&nyl chloride is mostprefened. Part (n)ofstBp (5) involves reacting flje 
product ofpart© with an excess of an aminating agent Suitable animating agents 
inchide ammonia (e.g., m fliB to of ammonium hydnndde) and anmionium 
anunomumcaibon8te,anmiomum bicarbonate, ammonium phosphate). Ammonium 
MKHddeisprefiared. The reaction is prefembfy earned oat Iqr dissolving the N-<nade of 
25 Fonnula XV man inert solvent such as dichloromelhane or l,2^chlQrDefl^ 
heating if necessary, addmg the amhialing agent to flie sohition, and aen shw 
the acylating agent Optionally flie reaction can be carried out in a sealed pressure vessel 
at an elevated tenqiecature (85-100°). 

hi step (6) of Reaction Scheme I flie protecting groqi is removed by hydrolysis 
30 «nder acidic conditions to provide a Wf.hnidazo[4,5-c]quhiolin4-an^ 

Preferably die compound of Fonnula XVI is treated wifli hydrochloric add/bthanol at 



or 
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Li Step (7) of Reaction Scheme I a lif-iimdazo[4,5H:]qumolm-4-ainiiie of Fonnula 
XVn is converted to a urea or thiourea of Fonnula XVin usmg conventional synthetic 
mefliods. For example, a compound of Fonnula XVII can be reacted with an isocyanate of 
fonnula Ri2-N=00 where is -Re-alkyl, -R^j-alkenyl, -Re-aiyl, .R^-heteroatyl or -R^- 
heterocyclyL The reaction can be canied out by adding a solution of the isocyanate in a 
suitable solvent such as dichloromefhane or l-methyl-2-pyrrolidinone to a solution of a 
compound ofFonnulaXVn at ambient tenq)eiature. Alternatively, a compound of 
Fonnula XVn can be reacted with a fiiioisocyanate of fonnula R,2-N=C=S, an acyl 
isocyanate of fonnula Ri2-C(0).N=O=0, a sulfonyl isocyanate of fonnula -Ri2-S(02)- 
N<J=0 or a carbamoyl chloride of formula Ri3-N-C(0)a wbm R13 is R12 or R7, Ihe 
product or a phaimaceutically accepteble salt thereof can be isolated usmg conventional 
methods. 
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Reaction Scheme I 




Compounds of ^ invention can be prepared according to Reaction Scheme n 

where R, R2, Ra, R4, R5« Rii, X and n are as delSned above and BOC is tert- 
butDxycaiboigrL 

Jn step (1) of Reaction Scheme n the amino group of an aminoalcohol of Foramla 
XK is protected with a teit-butoxycarboiqrl group. A sohition of the aminoalcohol in 
tetrahydrofiiian is treated with di-terr-butyl dicarbonate in the presence of a base such as 
sodium Iqrdroxide. Many aminoalcohols of Formula XDC aie commercially available; 
others can be prepared using known synthetic roelhods. 
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Iq stq> (2) (tf Reaetioii Sdieme n a protected amino alcohol of Foimala XX is 
converted to a meliiaiirauminate of Fomiula XXI. A sotation of a compouiid of Fomnila 
XX in a suitable solvent sucli as dichlonmielhane is treated with meOumBsamnqrl chloride 
inthepiesraceofabaseBHchastrieflylaniine. Ihe reaction can be canied out at a 
5 reduced temperature (0^). 

In Step (3a) of Reaction Scheme II a methanesulfimate of Fonnula XXI is 
converted to an azide of FonnulaXXn. Sodium azide is added to a solution of a 
compound of Fomula XXI in a suitable solvent such as N^-dimefliylfbrmamide. The 
reaction can be carried out at an elevated teoDq>eiatnre (80 - lOOX:). 

10 step ^b)ofReaction Scheme n a conqwundofFormulaXXn is alkylated wifli 

ahaHdeoffoimuIaHal-RgtopiovideaconqjoundofFonnulaXXin. hicompounds 
where Rg is hydrogen fliisstqj is omitted. The conqwundofFonnukXXn is reacted wifli 
sodium hydride in a suitable so^ent such as NtN-dhnetl^mnmamide or tetrafaydrofuran 
to fonn the amon and thai coodmied with the halide. The reaction can be carried out at 

IS- ambioit temperature. - 

In step (4) of Reaction Scheme H an azide of Fonmda XXH or XXHI is reduced to 
provide an amine of Formula XXIV. Preferably, the reduction is carried out usmg a 
conventional heterogeneous hydrogenationcatatyst such as palladium on carbon. The 
reaction can convenienliy be carried out on a Parr apparatus m a suitable solvent sudi as 
20 meOumol or isoprqianol. 

In step (5) of Reaction Scheme n a 4-chloro-3-mtroqumolme of Fomiula XXV is 
reacted wifli an amine of Fonnula XXIV to provide a 3-mtroquinolme of Formula XXVI. 
The reaction can be carried out by adding an amine of Formula XXIV to a solution of a 
conqjound of Formula XXV in a suitable solvent such as dichloromefliane m the presence 
25 ofa base such as triethylamine. Many quinolmesofFormula XXV are known compounds 
or can be prepared osing known synOietic mediods, see for exanq)Ie, Cjerster,U.S. Patent 
4,689,338 and tofaenees dted Oecem. 

In step (5) of Reaction Scheme II a 3-nitroquniolme of Formula XXVI is reduced 
to provide a 3-aminoqumoline of Foimnhi XXVDL Preferably, the reduction is carried out 
usnig a conventional heterogeneous hydrogenation catalyst such as platinum on carbon. 
The reaction can convenient be carried out on a Pan apparatus m a suitable solvent such 
as toluene. 



30 
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In step (7) of Reaction Scheme n a compound of Formula XXVn is leacted wiA a 
carboxylic acid or an equivalent thereof to provide a LH'-imida2o[4,5-c]quinoline of 
Formula XIV. Suitable equivalents to carboxyUc acid include orthoesters, and 1,1- 
diaUcoxyalkyl alkanoatea. The carboxyKc acid or equivalent is selected such that it wiU 
S provide Ihe desired Ra eubstituent in a compound of Formula XIV. For (oaanph, triethyl 
orflioformate will provide a compound where Rj is hydrogen and triethyl orthovalemte 
wiD provide a compound \«*iereR2 is bulyl. The reaction can be run in the absence of 
solvent or in an mert solvent such as toluene. The reaction is tun witii sufficient heating to 
drive off any alcohol or water formed as a byproduct of &e reaction. Optional^ a 
10 catalytic amount of pyridine Iqrdrochloride can be inchided. 

Alternatively, step (7) can be canied out by (i) reactmg a compound of Formula 
XXVn wife an acyl halide of formula RjQOXH and flien (ii) cyclizmg. In part (i) the 
ac3^ halide is addbd to a solution of a compound of Formula XXVU in an inert solvent 
audi ais acetomtiile or didilorometiiane. Ilie reaction can be carried out at ambient 
15 tBnq)eratnieoratared]icedtBnq)etatnre. In part (if) Ae product ofpait(i) is heated in an 
alcoholic solvent m flu presence of a base. Froferably the product of part (i) is refluxed in 
eOanol m fte presence of an ebccess of tde%]amine or heated vidth medianolic ammonia. 

S*q» (8), (9), (1 0) and (1 1) an canied out in flie same manner as steps (4), (5), (6) 
and (7) of Reaction Scheme L 

20 

Reaction Sdnme n 
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Compounds of the invention can be prepared accoiding to Reaction Scheme in 
where R, R2, R3, R4, R5, Ra, Ru, X and n are as defined above. 

In step (1) of Reaction Scheme m a l/f-iniidazo[4,5-c]quinolin-4-amine of 
Fonnula XVH is reduced to provide a 6 J3^4etrahydro-li/-imida2o[4,5-<:]quinoIin-4. 
amine of Foimula XXVIIL Preferably the reduction is carried out by suspending or 
dissolving a compound of Formula XVH in trifluoroacetic acid, adding a catalytic amount 
of platinum (IV) oxide, and dien hydrogenating. The reaction can be conveniently carried 
out in a Parr apparatus. 

Step (2) is carried out in flie same manner as step (7) of Reaction Scheme I to 
provide a 6,7,8,9-tetrahydro-lff-nmda2o[4,5H?]quinolin-4-arnine of Formula XXDC The 
product or a pharmaceutically acceptable salt fliereof can be isolated using conventional 
methods. 



Reaction Scheme in 




Ck)mpound8 of the inveiition can also be prq)aied accordii^ 
20 IV where R,RhR2,X and n are as defined above. 

In step (1) of Reaction Scheme IV a 4-chIoro-3-nitroqumol]ne of Formula XXV is 
reacted with an amine of formula R1-O-X-NH2 to provide a 3-nitroquinolm-4^amine of 
FoimulaXXX. llie reaction can be carried out by adding Aeaxnine to a sohxtian of a 
compound of Formula XXV m a suitable solvent such as chloroform or dichloromebaoe 
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and optionany heating. Many quinolinesofFonniikXJCV are known compounds.^ for 
example, Gerater, U.S. Patent 4,689,338 and references cited therein. 

In step (2) of Reaction Scheme IV a 3Hiitroquinolin-4-anune of Foimula XXX 
is reduced using the meAod of step (6) of Reaction Scheme D to provide a qainoline-3i4- 
S diamine of FonnuhXXXL 

In stqp (3) of Reaction Sdieme IV a quinoline-3,4-diaminB of Fonmik XXXI is 
(Tclized using flie meOod of step (7) of Reaction Scheme H to provide a Wf.imidazo[4,5. 
c]quinoIine of FomulaXXXIL 

In step (4) of Reaction Scheme IV a lff.imidazo[4,5-c]qninoline of Fonnula 
0 XXXn is oxidized usmgfliemefliod of step (4) ofReaction Scheme I to provide 8 1^^ 
mridazo[4,5-clquinoline-5N-oxide of Formula XXXm. 

In step (S) of Reaction Schtaoe TV a lff-mi^]azo[4,5-e]quino]in»>5N-ogdde of 
Formula XXXra is aminated using flie mefliod of step (5) of Reaction Scheme I to provide 
a lff-irmdazo[4,5Hr]quniolin4-amine of Formula L 'Ihe product or a phaimaoeutically 
5 acceptable salt tiiereofcan be isolatBd using canventiooaln^Oiods. 



Reaction Scheme IV 




I (3) 
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Compounds of the invention can be prepared according to Reaction Scheme V 
where R, Rz, R3, R4, R5. Rs. Rii, X and n are as defined above. 

In step (1) of Reaction Scheme V the BOC group is removed ftom a compound of 
Formula XIV using the method of step (6) of Reaction Scheme I to provide a IH- 
5 imidazo[4,5"c]quinoline of Formula XXXIV. 

In step (2) of Reaction Scheme V a lff-imidazo[4,5-c]quinoline of Formula 
XXXrV is converted to a urea or thiourea of Formula XXXV using the method of step (7) 
of Reaction Scheme I. 

In step (3) of Reaction Scheme V a lfl-imidazo[4,5-c]quinoline of Formula 
10 XXXV is oxidized using the method of step (4) of Reaction Scheme I to provide a 1/f- 
imidazo[4,5-c]quinolin-5N-oxide of Formula XXXVI. 

In step (4) of Reaction Scheme V a l-ff-imida2o[4,5-c]quinolin-5N-oxide of 
Formula XXXVI is aminated usnig the method of step (5) of Reaction Scheme I to provide 
a lfl^imidazo[4,5-c]quinblin'4-amine of Formula XVin. The product or a 
IS pharmaceutically acceptable salt thereof can be isoh^ 
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lUe invention also provides novel compounds usefU as ktomediates in Oe 
^sisofthecompo«uisofFonnulas(I)and(ID. ll»8cint«nnediate compounds have 
the stnictuial Foinnilas on) and (TV), desaibed in mow de^ 
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One class of intennediatB compounds has fonnula (III): 



10 




m 

Xis-CHRs-. -CHRralkyK or-CHRs-alkeiiyl-; 
Ri is selected fiom the group consisting of: 
-R4-^aiH:»a-NR5-Z-R6-«Ikyl; 

-R^NRH3R3--NR5-Z-R«-aiyl; 
-Rr-NRa- CR3— NRr-Z-RHieteroaiyi; 
-Rr-NRfr^ CTa— NKs-Z-R^tetocyclyl; and 
*-IU— NRs— CRa— NR5R7; 
-R4-NR8-<3l3-"NIV-Z— R^-alkyl; 

-R4-NR8- CR3-NR9-Z— Re-heteroaiyl; and 
-R4-NRg- CR3— NRr-Z— RHieterocyclyl; 
Si is selected fr om the group consisttiig o£ 
-hydrogen; 
20 -alkyl; 

-alkenyl; 
-aryl; 

-hetexoaryl; 
-heterocyclyl; 

25 -aD^l-Y-aftyl; 

-aDcyl-Y-alkeiQd; 
-aflcyl-Y-aryl; and 
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- aSkyl or alkeayl substituted by one or more substituents selected 
fibm the group consisting of: 

-OH; 

-hslogei^ 

5 -N(R5)2; 

-C0-N(Rtf)2; 
-CO-Cwoalkyt 
-CO-0-Ci.ioaIkyl; 
-N3; 

10 -«yl; 

-beteroaiyl; 
-beterocycl^l; 
-CO-axyl; and 
-CO-heteioaiy^ 
15 eachB3isK)or=S; 

each R4 is independently alkylor alkenyl, wfaichmay be intexruptedby one 
or more -O- groups; 

each B5 is independently H or Cmo aDcyt; 

R6 is a bond, or is alkyU or alkei^l, which may be interrupted by one or 
20 more -O- groups; 

R7 is H or Ci.io alkyl which may be interrupted by a hetero atomi or R? can 
join with to form a rine 

Rs is H, Cmo or aiylalkyl; or R4 and R« can join to form a ring; 

R9 is Clio aDcyl which can join together with Rs to form a line 
25 eachYisindependenfly-0-Qr--S(0)o^; 

Z is a bond, -CO-, or 

nisOto4;and 

each R present is independendy selected fiomtte group consisting of Cmo 
alkyl, Ci.to alkoxy, hydrcncy, halogen and tdfiuoiomethyl; 
30 or a phaimaceutically acceptable salt fliereof. 
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Another class of intennediate compounds are the inudazoquinoline-N-oxide 
compounds of Fonnula (TV): 

O 




(IV) 

5 

"wbsaxm X is -CHR5-, -CHRs-aDcjiene-, or-CHRa-alkonylene-; 
Ri is selected &om the group consisting of: 

-R4-NR8-C3l3-NRr-Z-Rr^lkenyI; 

-R4rNR8- ais-NRr-^RHieteroaiyl; 
-R4-NRr<^ R3— NRs-Z-R^hetero^ 
NRg— CR3-NR5R7; 

-Rr-NRr-CR3~NI^Z— RHieteroaryl; and 
-R4r-NRr- C»3-NIV-Z— RHietBiocy^ 
each Y is independently -O- or -S(0)(»s 
20 Zisabond,-CO-,or"SOr-; 

each R4 is independently alkyl or aDcenyl, wUdi may be interrupted by one 
or more -O- groups; 

each Rs is mdependenOy H or C1.10 alkyl; 

R« is a boiid, or is aOcyl, or alkenyl, whkh may be iiiterriq^ 
25 nune -O- groiqis; 

R7 isH or Ci-io alkyl i;vfaidimay be inteirqrtedby ahetezo atom, or R7 can 
join with R5 to form a ring; 

Rs is H, Cmo aUcyl, QrarylaDcyl; or R4 and H% canjoin to fomi axing; 

20 



wo 02/46191 



PCT/USOl/46696 



B9 is Cmo alkyl whicli can join together mlb, Ra to foim a tins 
nisOto4;and 

each R present is independently selected ftom the group consisting of Cmo 
all^l, Cmo alkoxy, halogen and trifluoiomediyl; 
^ or a pharmaceutically acceptable salt thereof. 

As used herein, the tenns "a%r, "alkenyl" and the prefix "alk-" arc inclusive of 
both straight chain and branched chain groiq)s and of cyclic groups, i.e. cycloalkyl and 
cycloalkenyl. Unless otherwise specified, these groups contain &om 1 to 20 carbon atoms, 
with alkenyl groups containing fiom 2 to 20 carbon atoms. Prefistred groups have a total 
10 of up to 10 carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably 
have fiom 3 to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclopropyfanefbyl, cyclppentyl, cyclohe:c/l and adamanlyL 

In addition, flie alkyl and alkexvl portions of —X— groups can be unsubstitnted or 
substituted by one or more substituentSy nvfaich substituents arp selected fiom O^e groups 
1 5 consisting of alkyi, alkenyl» axyl, hetecoaiyl, heterocyclyl, arylalkyl, heteroaiylaB^l, and 
helerocyclylan^L 

The term ^laloall^r is mchisive of groups that are substituted by one or more 
halogen atoms, mcludingperfluorinatBd groups. This is also true of groups that include 
the prefix 'lialo-*'. Examples of suitable haloalkyl groups are chlorometfayl, 

20 trifhioromethyl, and the like. 

The term as used herein includes carbocyclic aromatic rings or ring systems. 
Examples of aryl groups mchide phenyl, nq[flx%l,bq>h^ The 
term "heteroaryr includes aromatic rings or ring systems ^t contain at least one ring 
hetero atom (e.g., 0, S, N). Suitable heteroaiyl groups include fuiyl, Ihienyl, pyridyl, 

25 quinolinyl, isoquinolinyl, mdolyl, isomdolyl, triazolyl, pyirolyl, tetrazolyl, hnidazolyl, 
pyrazolyl, oxazolyl, fliiazolyl, benzofuranyl, benzoflnophenyl, caibazolyl, benzoxazolyl, 
pyrimidinyl, benznnidazolyl, quinoxalinyl, benzothiazolyl, naphti^xidinyl, isoxazolyl, 
isotfaiazolyl, puiinyl, quixiazolinyl, and so on. 

**Heten)cycIyr includes non-aromatic rings or ring systems ^t contain at least 

30 one ring hetero atom (e.g., O, S, N) and includes all of the fully saturated and partially 
unsaturated derivatives of file above mentioiied heteroaiyl groups. Exemplary 
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heterocycHc groups include pynolidinyl, tetahydtoftranyl, moiphoKayl. ibiaaorpholmyl, 
piperidinyl. piperazinyl. ftiazolidinyl. imidazolidinyl, isotWazoIidinyl, and Ifae like. 

TTie aiyl. heteroaiyl, andheteiocyclyl groups can be unsnbstituted or substituted by 
one or more substituents independently selected fixwn the group consisting of aUcyl, 
alkoxy. alkylfhio. haloalkyl. haloalkoxy. haloalkylthio. halogen, nitro. hydroxy, mercapto. 
cyano, carboxy, foimyl. aryl. aryloxy. aryllhio, arylaUcoxy. aiylalkylflrio, heteroaiyl, 
heteroaryloxy. heteroaiylthio. heteroarylaDcoxy. heteroaiylalkylthio, amino, alkyfamino. 
dialkylamino. heterocyclyl. heterocycloalkyl. allcylcaibonyl. aDcenylcarbonyl. 
alkoxycarbonyl. haloaDcylcarbonyl. haloalkoxycaibonyl. alkylthiocaibonyl. aiylcaiborryl. 
heteroaiylcarbonyl. aiyloxycaibonyl, heteroaiyloxycarboivl. aiyhUocaiboiiy^ 
heteroaiylthiocaibonyl. aUcanoyloxy. allcanoyllhio. alkanoylanuno. aiylcarbonirloxy. 
aiylcaibonylthio. alkylaminosulfonyl. alkylsulfonyl, arylsulfonyl. heteroaryisuIfiMiyi, 
aiyldiazmyl. alkylsulfeivlaniino. aiylfflil&nyhm^ 

alkyicaibonyhmiino. alkerq^lcaibonylamino. aiylcaibonybmfap. arylalkylcarboiiylanuno, 
>*aoaiylcaAoiylamhi6. hete^ 
aOceiQrlsulfonylamino, aiylsulfiaiylamino, aiylaUsylsulfiMiylianino. 
IwtnoMjtoilfonyiamino, hetwoaiylalkylsulfonylanuno, alkylaininocaibonylamino. 
alkenylaaiinocaiboiqdanifaio. aiylanimocaAoiiylanmio. aiylalkylaminocaibonylaniino. 
h«««o»iyI«nii^^ Iwteroaiylalkytoniinocaibonylamino and. in the case of 

»»ten*ycbrU<«o. Ifanyothergroupsaieidentifitt^ 

substituted", then those groups dm also be substituted b^ 
enumerated substituents. 

Certain substituenlsaiegnieiBlIypiBfaiwL For example, prefiaiedR, groups 
inchide -R4-NR,-CR,~NR5-Z-R«-alkyI and -R4-NRr-CR3-NR5-Z-R«-aryl, 
wherein the alkyi and aiyl groups can be unsubslitutBd or substitutBd; and R4 « 
ethyleneorn^m1yleneorR4andRajomtofermaiii«. PrefiacablynoRsubstituenlBaie 
present Cw.,n is 0). ftefanrf 82 groups mchide hydrogen, alkyl groups hav^ 
carbon atoms (ie. , methyl, ethyl, propyl, isoprqpyl. n-butyl, sec4mfyl, isobulyl. and 
cyclopropyhne1hyl).melhoxyethylandethoxymefliyLFor8ubatitBto^ . 
substitnted alkyl or substituted aryl groups, preferred substituents mehide halogen, nttrile. 
methoxy.metlqrllhio.tii£tooromethyl.andtrifluoiomethoxy. Oneormoreofftese 
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prefened substitueuts^ if ptesent, can be present in flie coixq)Oiinds of tiic invention in any 
combinatioa. 

The invention is inclusive of flie compounds described heiein in any of their 
phaimaceuticany acceptable finrns, including isomers (e.g., diastereomers and 
5 enantiomeacs), salts, solvates, polymorphs, and Ifae like. In particular, ifa compound is 

optically active, the invention specifically includes each of the compound's enantiomers as 
well as racemic mixtuzes of die enantioniers. 

Pharmaceutical Compositions and Biolorical Activity 
10 Ffaamaceutical compositions of flie invendon contain a Ifaeiapeutically efEsctive 

amount of a coiiqx)und of die invention as described above in combination with a 

phaimaceuticany acceptable caxrier. 

Hie term ^'a theRq)euticaUy effective amounf means an amount of the conq)Ound 

sufBcient to induce a therapeutic effect, such as cytokine induction, antitumor activity, 
IS and/or antiviial activity. AlflioughtiieexactamonntofactxvecQnqx>undu8edina 

phaimaceutical composition of the invention will vary according to fictors known to those 

of skill in tiiB art, such as the physical and chemical wtim of the compound, tiie nature of 

the carrier, and the intended dosing regimen, it is anticipated that the compositions of the 

invention will contain sufBcient active ingredient to provide a dose of about 100 ng/kg to 
20 about SO mg/kg, preferably about 10 |ig/kg to about S mg/k& of the compound to the 

subject Any of the conventional dosage forms may be used, such as tablets, lozenges, 

parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 

patches, tnmsmucosal patches and the like. 

The compounds of the invention can be admimstBied as tiie singile tiimpeutic 
25 agent in the treatment regimen, or the compounds of the invention may be administered in 

combination with one another or with otiier active agents, including additional immune 

response modifiers, antiviials, antibiotics, etc. 

The coxiq)Ounds of the invmtion have been diown to induce ti^ 

certain cytokmes in experiments pedbsmed according to tte Hiese 
30 results indicate that the compounds are usefhl as immune response modifiiets tiiat can 

modulate die unmune response m a number of different ways, rendering them useful in the 

treatment of a variety of disorders. 
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Cytokines whose production may be induced by flie administration of conq)ounds 
according to the invention generally include interferon-a (lEN-a) and/or tumor necrosis 
factor-a (TNF-a) as well as certain interleukins QL). Cytokmes whose bio^ynfliesis may 
be induced by conq)Ounds of the invention include IFN-a, TNF-a, DL-l, n>6, IL-10 and 
5 IL-12, and a variety of o^ cytokines. Among other effects, these and other q^kines 
can inhibit vhus production and tumor cell growth, makmg the compounds useful in the 
treatment of viral diseases and tumors. Accordingly, the mvention provides a method of 
niducmg cytokine biosynthesis m an animal comprising administBring an effective amount 
of a compound or coiqposition of the invention to Ae animal 

10 Certain compounds of the invention have been firand to preferential^ induce the 

expression of IFN-a in a population of hematopoietic cells such as FBMCs (peripheral 
blood mononuclear cells) containing pDC2 cells precursor dendritic cell-type 2) wi&out 
concomitant production of significant levels of inflammatory cytokines. 

In addition to tiie ability to mduce the production of cytokines, the compounds of 

15 the invention affect other aspects of tiie iimate immune response. For example, natural 

killer cell activity may be stimulated, an effect that may be due to cytokine induction. The 
compounds may also activate macrophages, which in turn stimulates secretion of nitric 
oxide and the production of additional cytokines. Further, the compounds may cause 
proliferation and difEerentiation of B-lymphocytes. 

20 Compounds of the invention also have an effect on the acquired immimft response. 

For example, although there is not believed to be any direct effect on T cells or direct 
niduction of T cell cytokines, ttie production of flie T helper type 1 Clhl) cytokine IFN-^ 
is mduced indirectly and fbe production of the T hel^ type 2 (Th2) cytokines IL-4, IL-5 
and IL-13 are inhibited iq>on administration of the compounds. This activity means that 

25 the conq)ounds are usefiil m Oe treatment of diseases where upregulation of the Thl 

response and/or dowiir^gulationoftfieTh? response is desired. In view ofdie ability of 
conqKnmds of flie invention to inhibit the Th2 imnmne response, the compounds are 
expectssd to be useful in flie treatment of atopic diseases, e.g., atopic dermatitis, asfluna, 
allergy, allergtc ihinitis; systemic lupus erytfaeautosis; as a vaccine adjuvant for cell 

3 0 mediated immunity; and possibly as a treatment for xecorrBnt fbngal diseases and 
chlamydia. 
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The immune response modifying efiects of fhe compoimds make fhem useful in 
the treatment of a wide variety of conditions. Because of flieir ability to induce the 
production of cytokines such as IFN-^ and/or TNF-oc, flie compounds ate particularly 
useful in fhe treatment of viral diseases and tumors. This unmunomodulating activity 

S suggests ttiat compounds of the invention are useful in treatmg diseases such as, but not 
limited to, viral diseases including genital warts; common warts; plantar warts; Hepatitis 
B; Hepatitis C; Herpes Simplex Virus I^pe I and Type 11; molluscum contagiosum; 
variola, particularly variola major, HIV; CMV; VZV; riiinovirus; adenovirus; influenza; . 
and paia-influenza; intraepiflielial neoplasias such as cervical mtraepifhelial neoplasia; 

10 human papillomavirus (HFV) and associated neoplasias; fungal diseases, e.g. Candida, 
aspergiSus, and cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, 
haiiy ceU leukemia, Kaposi's sarcoma, renal ceU carcinoxna, squ^ 
myelogenous leukemia, multq>le nc^toma, melancma, non-Hodg^'s lymphoma, 
cutaneous T-cell lynqihoma, and other cancers; parasitic disGiases, e.g. Pneumocystis 

15 camii, cryptosporidiosis, histoplasmosis, toxoplasmosis, tiypanosome infection, and 
leishmaniasis; and bacterial infisctipns, e.g., tuberculosis, and mycobacterium avium. 
Additional diseases or conditions that can be treated usmg Hbo compounds of the invention 
include actinic keratosis; eczema; eosinophiUa; essential fhronibocythaemia; leprosy; 
multq)le sclerosis; Qmmen's ^drome; discoid lupus; Bowen*s disease; Bowenoid 

20 papulosis; alopecia areata; the inhMion of Keloid fbmmtion affcer surgery and oflier types 
of post-surgical scars. In addition, these compounds could enhance or stimulate the 
healing of wounds, mcluding chronic wounds. The compounds may be useful for tieatfaig 
the opportunistic infections and tumors that occur after suppression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HIV patients. 

2S An amount ofa compound effective to induce cytoldne biosynthesis is an amount 

sufGcient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and B-cells to produce an amount of one or more cytokines such as, for example, IFN-o, 
TNF-o, EL-l, IL-6, EL-IO and IL-12 that is increased over the background level of such 
cytokines. The precise amount will vary according to factors known in the art but is 

30 expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ^g/kg to 
about5mg/kg. The invention also provides a method oftreating a viral infection in an 
animal and a method oftreating a neoplastic disease in an animal comprising 
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administering an effective amount of a coiq)ound or composition of Ihe invention to the 
animal. An amomit effective to treat or inhiT}it a viral infection is an amo^ 
cause a reduction in one or more of the manifestations of viral infection, such as viral 
lesions, viral load, rate of virus production, and mortality as compared to untreated control 
5 animals. The precise amount will vary according to fectors known in the art but is 

expected to be a dose of about lOQng/kg to about 50mg/k& preferably about lOjig/kg to 
about 5mg/kg. Anamount of a conq)ound effective to treat a neoplastic condition is an 
amount that will cause a reduction in tumor size or in the number of tumor foci. Again, 
the precise amount will vary according to fectors known in tiie art but is expected to be a 
10 dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ng/kg to about 5 mg/kg. 

The invention is further described by the following examples, which are provided 
for illustration oaSy and axe not intended to be liTTiiti>g in any way. 

In the examples below some of the conq)ounds were purified ««tig semi- 
15 preparative HPLC. A Waters Fractum Lynx automated putificatioa system was used. The 
semi-piep HPIX; feactions were analyzed using a Micnm 
appropriate fractions were combined and centrifiige evaporated to provide flie 
trifluQroacetate salt ofthe desired compound The structures were confirmed by 'HNMR. 
Column: Phenomenex Luna CI 8(2), 10 x 50 nun, 5 micron particle size, lOOA 
20 pore; flow rate: 25 mlJmm.; gradient elution firom 5-65% B in 4 min., then 65 to 95 % B 
in 0.1 min, then hold at 95% B for 0.4 min., where A=0.05 % tiifluoroacetic acidAvatw 
and B»O.05% trifluoroacetic acid/acetonitrile; finction collection by mass-selective 
triggering. 
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"Exanqile 1 
^'■<2-{2-[4-«arino-2-(2-me1iloxyefl^yI)- 
l/r-imidazoI4^-c]qaiaoliii.l-yl]eliMay}etbyl)^^^ 




Part A 



Asolution of 2-(2-aininoeaioxy)e1iianol (29.0 g. 0.276 mol) in 180 mL of 
tetadiydiofunm (THF), under N,, was cooled to 0»C and tieated with 140 mL of 2N NaOH 
sototion. A sohttion of di-iert-bulyl dicarbonate (60.2 g, 0.276 mol) in 180 mL of TBF 
was then added dropwise over Ihtotheiapidlystined solution. Tlie reaction mixture was 
flien allowed to warn to room temperature and was stilled an additional 18 L IteTHF 
was then removed under reduced pressure and the lemaimng aqueous sluny was biou^t 
topH31vadditiQnof 150mLoflMHaSO48olution. This was then extracted with ethyl 
acetate (300 mL, 100 mL) and the combined organic layers were washed with HjO (2X) 
andbrine. Tl» organic portion was dried over NaaSO* and concentnited to g^^ 
2-P-lQ'drDxyelhojqr)eflylcarbamate as a colodess oil (47.1 g). 
PartB 

Arapidfy stirred sohrtion of £er*-bufyl2-(2-hydroxyeflioxy)efliylcaibam8tB(47.1 g, 
0.230 moO in 1 L of anlgrdrous OJaCU was cooled to 0«^ underNj and treated with 
trieftylamine (48.0 mL. 0345 mol). MeflumesuUbnyl chloride 09.6 mL. 0.253 moQ was 
&en added diqpwise over 30 niin. The reaction mixlure was then allowed to wami to 
iDonitBmperBtu»andwa88tiiiedanadditional22L Tlie reaction was quenched by 
additionofSOOmLsatunrtedlWICXJjsolutionandlheorganiolayerwass^ Tbt 
wganic phase was «m wadied with IfcO (3 X 500 mL) and brine. The o^ 
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was dried over Na2S04 and concentrated to give 2-{2-[(/e7t- 
butoxycaibonyI)anrino]elhoxy}ethyl methanesnlfimate as a biown oil (63.5 g). 
Parte 

A stined solution of 2-{2"[(/ert-buto3grcaiboi5rl)anuno]ethoxy}efliyl 
metbanesulfonate (63.5 g, 0^24 mol) in 400 mL of NJ^-dimethylfoimamide (DMF) was 
treated with NaNa (16.1 g, 0.247 mol) and the reaction mixture was heated to 90^C under 
Ni. After 5 h, the solution was cooled to room tenq)erature and treated 
coldHaO. The reaction mixture was flien extracted with EtaO (3 X 300 mL). The 
combmed organic extracts were washed with HzO (4X100 mL) and brine (2 X 1 00 mL). 
The organic portion was dried over MgS04 and concentrated to give 52.0 g of /erf-butyl 2- 
(2-azidoethosy)etiiylcarbamatB as a lig|ht brown oil. 
PartD 

A solution of tert-butyl 2-(2-azidoeflioxy)etlvIcaibamate (47.0 g, 0.204 mol) in 
MeOH was treated with 4 g of 1 0% Pd on caibon and shaken under Ha (3 Kg^cm^) for 24 
h. The solution was then filtered through a Celite pad and concentrated to give 35.3 g of 
crude tot-butyl 2-(2'-aminoeflioxy)e%lcaxbamate as a coloriess liquid that was used 
without further purification. 
Parts 

A stirred sohition of 4-cWoro-3-nitn)quinolme (3 1 .4 g, 0. 1 5 1 mol) m 500 mL of 
anhydrous ClfcCla, under Na. was treated wiflxtrieaqrlamine (43 mL, 0.308 mol) andten- 
bulyl 2-(2.aminoeflioxy)elhylcarbamate (0.151 mol). After stirring ovemi^t, the reaction 
nuxtuie was washed wifliHiO (2 X 300 mL) and brine (300^^^ The orgsmc portion 
wasdriedoverNa2S04andconcentratBdtogiveabri£jityeIIowsolid. Recrystallization 
fiom eUsyl acetate^hexanes gave 43.6 g of /terf-butyl 2-{2-[PHiitro(iumoIin-4- 
yl)amxno]ediaxy}ediylcarbamate as bri^t yeHow crystals. 
PaitF 

A solution of tof-bntyl 2-{2.[(3-iritn)quiiioIin4-yOamhM)]e^ 
(7.52 ft 20.0 mmol) m toluene was treated wifli 1.5 g of 5% Pt on caibon and shalM 
undcrHi(3Kg^cm^)for24h. The sohition was tiwn filtered flm)ugh a Celite pad and 
concentrated to give 6.92 g of crude tertAnxtyl 2-{2-[(3-aminoqumoIm^- 
yl)ammo]eflio^}etiiylcarbamatB as a yellow syrup. 
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PaitG 

A solution of tert-butyl 2-{2-[(3-ammoquinolm-4- 
yl)ainino]ethoxy}ethylcaibamate (102 g, 29.5 xmnol) in 250 mL of anhydious CKzCk 
was cooled to 0 "^C and treated widi triethylaznine (4.18 mL, 30.0 mmol). 

5 Methoxypropionyl chloride (3.30 mL, 30.3 mmol) was then added dropwise over 5 min. 
The reaction was then wanned to room temperature and stirring was continued for 1 h. 
The reaction mixtm:e was then concentrated under reduced pressure to give an orange 
solid. This was dissolved in 250 mL of EtOH and 12.5 mL of triethylamine was added. 
The mixture was heated to reflux and stirred under Niovermgh^ The reaction was then 

10 concentrated to dryness under reduced pressure and treated with 300 mL of EtizO. The 
mixture was then filtered and the filtrate was concentrated under reduced pressure to give 
a brown solid. The solid was dissolved in 200 mL of hot MeOH and treated with activated 
chaicoaL The hot solution was filtered and concentrated to give 11.1 g of /erf-butyl 2-{2- 
[2-^-metho3^ethyl>Lff-inudazo[4,S-c]qu]noliii-^ as a yellow 

IS syrup. 
PaitH 

A solution of terr-butyl 2-{2-[2-^-mefhoxye1hyl>lfl^inridazo[4^-c]quinolin-l- 
yl]eaiaxy}ed]ylcarbamate (10.22 g, 24.7 mmoQ in 250 mL of CHCI3 was treated with 3- 
chloroperoxybenzoic acid (MCFBA, 77%, 9.12 g, 40.8 mmol). After stirring 30 min, the 
20 reaction mixture was wadied with l%Na2C03 8oktion (2 X 75 mL) and brine. The 

organic layer was then dried over Na2S04 and concentrated to gjve 1 0 . 6 g of terf-butyl 2- 

{2-[2-<2-meflioxyetliyl)-S-axido-l£f-imida2o[4^]quinol^^ 

as an orazige foam tliat was used wi&out finlfaer purification. 

Parti 

25 A solution of te;t-butyl 2-{2-[2-(2-methoxyetl^l)-S-oxido-l^-imidazo[4,5- 

c]quinoIin-l-yl]eflioxy}etlQrlcarbamate (10.6 g, 24.6 mmol) in 100 mL of 1,2- 
dichloroethane was heated to 60^ and treated with 10 mL of concentrated MI4OH 
solution. To the rapidly stfaxed solution was added solid p-toluenesulfbnyl chloride (7.05 
g, 37.0 mmol) over a 10 min period. The reaction mixture was treated with an additional 1 

30 mL concentrated NH4OH solution and then sealed in a pressure vessel and heating was 
continued for 2 h. Thereactionmixture was then cooled and treated witii 100 mL of 
CHCla. The reaction mixture was then washed with H20, 1% NaaCOa soktion (2X) and 
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brine. The organic portion was dried avct N{^S04 and concentrated to give 10.6 g of /erf- 
butyl 2- {2-[4-arnino-2<2-niethoxyethyl)-lir-iniidazo[4,5-^]qu^ 
yl]etboxy}etfaylcarbaniate as a brown foam. 
PartJ 

5 Tcrt-butyl 2-{2.[4-amino-2-(2-methoxye%])-lif-inudazo[4^-c]q^ 

yl]eflioxy}efliylcarbainate (10.6 g, 24.6 mmol) was treated with 75 mL of 2M HQ in 
EtOH and &emi3itaie was heated to xefiuxwiA stirring. After 1.5 h, the reaction mixture 
was cooled and filtered to give a gummy solid. Ihe solid was washed EtOH and EtaO and 
dried under vacuum to give the hydrochloride salt as a light brown solid. The fiee base 

10 was made by dissolving the hydrochloride salt in SO mL of H2O and treating widi 10% 

NaOH solution. The aqueous suspension was then concentrated to dryness and the residue 
was treated wi& CHCI3. Theresultingsaltsweteremovedby filtration and the filtrate was 
concentrated to give 3.82 g of l-[2-(2-aminoethoxy)ethyl]-2-(2-methoxyethyl)-l/r- 
imidazo[4»S-c]quinolin-4-amine as a ton powder. 

15 MS330(M+H)*; 

NMR (300 MHz, DMSO-rftf) 5 8.10 (d, 7= 8.1 Hz, 1 H); 7.66 (d, 7 = 8.2 Hz, 1 H); 
7.40 (m, 1 H); 725 (m, 1 H); 6.88. (br s, 2 H); 4.78 (t. / = 5.4 Hz, 2 H); 3.89 (t, / = 4.8 Hz, 
2 H); 3.84 (t, J= 6.9 Hz, 2 H); 3.54 (t, 5.4 Hz, 2 H); 3.31 (s. 3 H); 323 (t„/« 6.6 Hz, 
2H); 2.88(t,y=5.3Hz,2H). 

20 PaitK 

l-[2-(2-Aminoefho3gr)ethyI]-2<2-meaoxye%l>lir-nnidazo[4,5-c]qum 
amine (750 mg, 228 mmol) was dissolved in 30 mL of anhydrous CH2CI2 and cooled to 0 
«C under Ni. Ihe reaction mixture was fhen treated with phenyl isocyanate (247 )jL, 228 
mmol) and BtsN (0.64 mL, 4.56 mmoQ and allowed to warm slowly to room temperature. 

25 After stirring 2 h,tiie reaction nuxture was concentrated underlet 

yield a yeUow solid. The yeUowsoUd was dissolved in a minimum amount of CEh(% and 
EtOAc was ad&d until tiie solution became turbid. Thenmctuiewasplacedina fieezer 
ovraiig^ and white crystal formed. The crystals were isolated by filtration and were dried 
under vacuum to give 126 mg of i^-^*{2-[4-amino-2-(l>metiioxyeti9Q-lH-hn^ 

30 c]qumolin-l-yl]eflioxy}efliyI)-/^-phenytarea. mp 171.0-174.0 ""C ; 
MS449(M+H)*; 
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'H NMR (300 MHz. VMSO-de) 5 8.50 (s, 1 H); 8.05 (d, 7 = 7.7 Hz, 1 H); 7.62 (d, /= 8.8 
Hz, 1 H); 7.44-7.18 (m, 3 H); 7.27-7.18 (m, 3 H); 6.88 (t, 7 = 7.3 Hz, 1 H); 6.54 (s, 2 H); 
6.12 (t, / = 5.5 Hz, 2 H); 4.76 (t, / = 4.8 Hz, 2 H); 3.88 (t, J = 53 Hz, 2 H); 3.81 (t, J = 
6.7 Hz, 2 H); 3.40 (t, J = 6.0 Hz, 2 H); 3.28 (s, 3 H); 3.25-3.14 (m, 4 H); 
5 (75 MHz, DMSO-dd) 5 155.5, 1 52.0, 144.9, 140.8, 132.7, 129.0, 126.8, 126.5, 121 .5, 

121.4, 120.5, 117.9, 115.1, 70.5, 69.4, 58.4, 45.5, 27.6; 

AnaL Calcdfer C24H2gNfiO3.0.21 H2O: %C 63.73, %H, 6.33, %N, 18.58.Found: %C, 
6333, %H, 628, %N, 18.67. 



Exai]ip1fi2 

15 lff-iniida2»[4,S-e]qiiin6Im-l-yqe1]iiiny}isi^ 





PaitA 

l-[2<2-Aimnoeflioxy)ethyl]-2«<2-methoxye%l)-lH- 

20 amine (10.0 g, 273 xmnoT) was dissolved in SO mL of trifhioroacetxc acid and treated willi 
PtO2(l«0g). The reac^on mixture was shaken under Ha (3 Kg^cm^^^ AABr4d,an 
additional 0,S g of PtOi was added andhydiogenation was continued for an additional 3 d. 
The reaction was ttien filtered tiuough Celite and concentrated under reduced pressure to 
give a brown oil. The oil was dissolved in 200 mL of H2O then made basic (pH~l 1) by 

25 addition of 10% NaOH solution. This was then extracted with CHG3 (S X 75 mL) and Ihe 
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10 



IS 



20 



25 



combined organic layers were dried over Na2S04 and concentrated to give 5.17 g of l-(2- 
(2-aniinoelhoxy)etbyl]-2K2-methoxyefliyl)^J,8,9^etral«rdt^ 
4-flsuiie as a tan solid. 
MS334(M + H)*; 

'HNMR (300 MHz. CDQ,) 8 5.19 (s, 2 H); 4.49 (t.y = 5.4 H?, 2 H); 3.84 (W 6.6 Hz. 
2 K); 3.71 (t. /= 5.4 Hz, 2 H). 3.36 (t,/= 5.2 Hz, 2 H); 3.51 (s, 3 H); 3.15 (t,7- 6.6Hz. 

2 H^; 2.95 (a, 2 H); 2.82 (m. 2 H); 2.76 (t, y = 5. 1 Hz, 2 H); 1 .84 (m. 4 H), 1.47 (br 8, 2 
H). 

PaitB 

l-[2K2-AminoelJioxy)ethy5.2-<2-naethoxyetiiyI>^S,7,8,9-tetral9^ 
imida2o[4,5^]qmnolin-4-anune (919 mg, 2.76 mmol) was dissolved in 30 mL of 
anhydrous CHiQi and cooled to 0 *C under Nj. Hie reaction mixture was tlien treated 
widi phenyl isocyanate (300 nL. 2.76 mmol) and EtjN (0.77 mL, 5.51 mmoD and allowed 
to warm slowly to room temperature. After stirring overnight, the reaction mixture was 
then (juenchedby addition of saturated NaHCQj solution (30 mL). The organic layer was 
separated and washed with HjO and brine, dried over Na2S04 and concentrated under 
reduced pressure to give a yeHow solid. The soUd was triturated with EtiO (30 mL) and a 
few drops of MeOH. The soHd was isolated by fihration and dried under vacuum to give 
460 mg of N-(2.{2-t4-ainino.2-(2-me1hoxyefliyI)-6.7,8>tetrahydro-lH.imidazo[4,5- 
c]quinolin-l-yl]ethoxy}ethyI)-Ar'.phenylurea as a white powder, m-p. 180-1 82 'C; 
MS 453 (M +H)*;'H NMR (300 MHz, DMSO-rf*) 8 8.51 (s, 1 H); 7.37 (d, / = 7.7 Hz, 2 
H); 7.19 (t, J= 82Hz, 2H); 6.86 (t./- 7.7Hz, 1 H); 6.11 (1./- 5.5 Hz, 2 H); 5.70 (s. 2 
H); 4.43 (t, J= 5.1 Hz, 2 H); 3.78-3.69 (m,4 H); 3.39 (t. /- 5.6 Hz, 2 H); 325 (s, 3 H); 
3.19 (m. 2 Sy, 3.10 y = 6.8 Hz, 2 H); 2.91 (m. 2 H); 2.64 (m, 2 H); 1.72 (m, 4 H); 
"C (75 MHz. DMSCWtf) 8 155.5, 151.3. 149.3. 146.3. 140.8. 138.5, 129.0, 125.0. 121.4. 
118.0. 105.6. 70.6. 70S, 70.4, 58.4. 44.6. 392. 32.7. 27.6, 23.8, 23.1, 23.0; AnaL Calcd' 
finr CMHaNfiO,: %C 63.70. %H, 7.13, %N. 18.57. Found: %C, 63.33, %H. 7.16, %N. 
18.66. 
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Example 3 
JV^^-{2-[4-ainin(H2-^-mefhDjg^efhyl)- 
lff-imida2»[4,5-^]qiiinolk-l-yl]ethoxy} 




5 PaitA 

Sodium hydride (60% oil dispersion^ 9.1 g, 228 mmol) was placed in a round 
bottom flask and washed with hexanes (3X) under N2. Hie dried sodium hydride was 
treated with 800 mL of anhydrous TBDF. A solution of ^erT-bulyl 2-(2- 
azidoethoxy)efhylcaibamate (41.9 g, 182 nmiol) in 200 mL of THF was &en added to die 

10 stirred sodium hydride solution over 40 min. After addition was complete, the reaction 
was stirred an additional 20 min followed by addition of methyl iodide (13.6 mL, 218 
mmol). After stirring overnight, Oie reaction was quenched with 300 mL of saturated 
NaHCOs sohition. The reaction rmxture was dien treated with 200 niL of H2O axid 1 L of 
Et20. Ilieoisanicidiase was separated and washed witii 1^0 and brine. Theorganic 

IS portion was fhen dried over MgS04 and concentrated under reduced pressure to give 
g of teri-batyl 2-<2-azidoefhoxy)eBiyl(m6fiiyi)cazbamate as a yellow liquid. 
Parts 

A solutian rert-butyl 2-(2-a2idoeaioKy)efliyl(me%l)caibamate (41.9 g» 170 mmol) 
in 600 mL of ftfeOH was treated with 2.5 g of 10% Pd on caibon and dia^ 
20 E[g^CTi^fbr24h. II10 solution was then filtered through a Celite pad and concentcaM 

give 37.2 g of crude /erf4>utyl 2<^-4miino^ioxy)etfayl(metihy])carbamate as a light yellow 

liquid. 

Parte 

A stirred solution of 4«chloro-3-nitroquinoline (32.3 g, 155 mmol) in 400 mL of 
25 anhydrous CHzCh, under N2, was treated wifli tciefhylamine (43.1 mL» 310 mmol) and 
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tert'hntyl 2-<2-aniinoetho:Qr)etiiyl(methyI)carbamate (372 g, 171 mmol). After stirring 
overnight, the reaction mixture was washed with H2O (2 X 300 mL) and brine (300 mL). 
The organic portion was dried over Na2S04 and concentrated to give a brown oiL Colunm 
chromatography (SiOz, 33% ethyl acetate/hexanes-67% e&yl acetate/hexanes) gave 46.7 g 
5 of /ert-butyl me%l(2.{2-[(3-nitroquinoIm-4.yl)amino]efhoxy}e^^^ as a 

yellow solid. 
PartD 

A solution of terf-butyl methylp-{2-[(3-nittDquinolin-4- 
yl)amino]ethoxjr}etiiyl)caibaniate (6.56 g, 16.8 mmol) in 75 mL of toluene was treated 
10 with 0.5 g of 5% Ron carbon and shaken under H2 (3 Kg/cm^) for 24 h. Ihe solution was 
flien filtered tinough a Celite pad and concentrated to give 6.8 g of crude tert-butyl 2-{2- 
[(3-aminoquinoIinr4-y0amino]etiioxy}e%l(metiiyl)carban^ as an oxange syrup which 
was carried on without further purification. 
PartE 

15 Asotationoftert-butyl2-{2-[(3-aminoqumolm-4- 

yI)anmio]ethoxy}etlQrl(mefliyI)carbaniate (6.05 g, 16.8 mmol) m 200 mL of anhydrous 
CH2a2 was cooled to O'C and treated with triethylamine (2.40 mL, 172 mmol). 
Methoxypropionyl chloride (1.72 mL, 172 mmol) was then added dropwise over 5 min. 
The reaction was then warned to room temperature and stirring was continued for 3 h. 

20 'nie reaction mixtore was then concentrated under reduced pressure to gi^ 

soUd. Thiswasdissoh^m200mLofEtOHand72mLoftrieflQrhaninewasadde^ 
The mixture was heated to reflux and stirred under N2 0vemigjit The reaction was then 
concenttaled to dxynessunderxeduced pressure and treated witii 300 mL of EtiO. The 
mixture was then fittered and flie filtrate was concentrated under reduced pressure to give 

25 a brown solid. This was dissolved in 300 mL of CB^Ck and washed with HkO and brine. 
The organic portion was dried over Na2S04 and concentrated under reduced pressure to 
giveabrownoiL Theoil was dissolved in 100 mLofhotMeOH and treated with 
activated charooaL llie hot solution was filtered and concentrated to give 720 g of /eit- 
Instyl 2-0(-[2-<2-metiio}Qretfay9.1i7-inuda2o[4.5<^]q^ 

30 yl]elhoxy}e%l(meflr^l)caibaniatea8ayellowsyn9. 
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PartF 

A solution of ^-butyl l-il-ll-^-mefSamy^^ 
yl]etiio}Qr}e%l(meffayl)caxbamate (720 & 16.8 imnol) in 200 mL of CHaQi was treated 
witb MCPBA (77%, 4.32 g, 19.3 xmnol). After stiiring 6 the xeaction mktuie was 
5 tisatBd with satuiatBdNaH(Xb8olutiQa and the layers were sep Theoiganic 

portion was washed with H^O and brine tiien dried over Na2S04 and concentiated to give 
7.05 g of tert-butyl 2-{2-[2-^-me1iioj^thyl>5K)xido-lfl'-inudazo[4,5-c]quino^ 
yl]ethoxy}ethyl(m6lliyl)carbaniatB as a light brown solid. 
PartG 

10 A solution of leTt-bnlyl 2-{2-[2K2-methoxye%l)-5Kxrido-l/ir-in]idazo[4,S- 

c]qu]nolin-l-yl]e&oxy}edxyl(methyI)carbBnmte (7.05 g» 15.9 mmol) in 100 mL of 1,2- 
dichloioetliane was heated to 80°C and treated widi SmL of concenlnitedNH^OH 
soMon. To ttie rapidly stined solution was added solid p-toluenesulfonyl chloride (3.33 
g, 17.5 mmoQ over a 10 min period. The xeaction nrixture was treated witb an additional 5 

IS noL concentrated NH4OH solution and then sealed in a pressure vessel and heating was 
continued for 4 h. The reaction nuxtin» was then cooled and treated with 100 mL of 
CHiCh- The reaction mixture was tiien washed with HzO, 1% NaaCCh solution (3X) and 
brine. The organic portion was dried over Na2S04 and concentrated to give 6.50 g of /ert- 
butyl 2-{2-[4-amino-2-(2-metfaaxye1hyI)-lH-mndazo[4,5-c]q 

20 yl]ethoxy}e11^1(mediyl)caibaniatB as a Ixrown oil. 
PartH 

Tcrf-butyl 2-{2-[4-aniino-2-{2-meflioxyethyl)-lH-imidazo[4,5-^]qainolm-l- 
yl]ethoxy}etiiyl(me1hyI)caxbamate (6.50 g, 14.7 nunol) was dissolved in 100 mL of EtOH 
and treated witii 20 mL of 2M HCl inEtOH and the mixture was heated to leflux witii 

25 stiiring. After 6 h, the reaction mixture was cooled and filteied to give a gummy solid 
The solid was washed witii EtOH and EtzO and dried under vacuum to give die 
hydrochloride salt as a lig^tbrown powder. The fiee base was made by dissolving the 
hydrocUoride salt in 50 mL of H2O and treating with 5 mL of concentra^ Tbe 
aqueous suspension was extisctedwiftCHiCh (5 X 50 niL). Ihe combined oiganic 

30 layers were dried over Na2S04 and concentrated to ^ve 3.93 g of 2-(2-meth0xyediy])-l- 
{2-[2-(me%lanimo)e1hoxy]etiiyl}-li?-imidazo[4,5-clqu^ as a tan powder. 

MS344(M+H)*; 



35 



wo 02/46191 



PCT/USOl/46696 



'H NMR (300 MHz, DMSO-rftf) 5 8.07 (d, / = 7.7 Hz, 1 H); 7.62 (dd, / = 1.0, 8.3 Hz, 1 
H); 7.42 (ddd./=» 1.0, 7.1, 8.2 Hz, 1 H); 7.22 (ddd,/= 1.1, 7.1, 8.2 Hz, 1 H); 6.49(8,2 
H); 4.75 (t, /= 5.1 Hz, 2 H); 3.83 (t, 7= 6.8 Hz, 4 H); 3.35 <t, / = 5.6 Hz, 2 H); 330 (s, 3 
H); 3.21 (t, / = 6.9 Hz, 2 H); 2.45 (t, /» 5.6 Hz, 2 H); 2.12 (s, 3 H). 
5 Parti 

2-<2-Mefeoxye%l)-l.{2-[2-(methylanimo)ethoxyle1iQrl}.l/f-im^ 
c]qumolm-4-anune (929 mg, 2.71 mmol) was dissolved in 30 mL of anlydrous CHaCh 
and treated with phenyl isocyanate (300 jiL, 2.76 mmoT). After stirring under N2 
ovennght, the reaction mixtine was concentrated nnder reduced pressure. Purification by 
0 colunm chromatogr^hy (Si02, 3% MeOH/CHQa saturated with aqueous NH^OH) gave 
the product as a white solid. Crystallization fiom KiO and MeOH gave 610 mg of N'(2' 
{2-[4-amino-2-<2-methoxye&yl)-lfr-jniidazo[4,5<]quinolin-l-yl]ethoxy}e^ 
methyl-jyr'-phenylurea as a fijak^ white oystals. m.p. 184.8-185.8 "C ; 
MS463(M + H)*; 

5 'H NMR (300 MHz, DMSO-rftf) 8 8.16 (s, 1 H); 8.06 (d, 7= 7.7 Hz, 1 H); 7.61 (dd, /= 
1.0, 8.3 Hz, 1 H); 7.43-7.38 (m, 3 H); 7 J5-7.17 (m, 3 H); 6.91 (t, / = 7.3 Hz, 1 H); 6.47 
(s, 2 H); 4.76 (t, /= 5.0 Hz, 2 H); 3.88 (t, /= 5.1 Hz, 2 H); 3.78 (t, 7= 6.8 Hz, 2 H); 3.48 
(t, 7 = 5.2 Hz, 2 H); 3 J9 (t, 7 = 5.4 Hz, 2 H); 3i7 (s, 3 H); 320 (t, 7 = 6.8 Hz, 2 H); 2.82 
(S.3H); 

0 "C NMR (75 MHz, DMSO-*) 6 155.6, 152.0, 151.9, 145.1, 140.9, 132.7, 128.5, 126.7, 
126.6, 122.0, 121.4, 120.5, 120.1, 1 15.1, 70.5, 69.6, 69.4, 58.4, 47.7, 45.5, 35.4. 27.6. 
Anal. Calcd for C2sH3oN«03^.12 HaO: %C, 64.62; %H, 6.56; %N, 18.08. Found: %C, 
64.69; %H, 6.65; %N, 18.09. 
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Example 4 

iV-(2- {2-[4-amino-2-<2-metiioxyethyl)-6 J,8,9-tet^ 
lif-imidazo[4,5-c]quinolm-l-yl]ethoxy}e1iJ^^ 




5 PartA 

2<2-Meflioxye%I)-l-{2-[2<me&ylammo)eaoxy]e&yl}-^ 
c]quinolm-4-amme (4.22 g, 12.3 nmol) was dissolved in 25 mL of tiifluoroacetic acid and 
treated wifliPtOi (0.5 g). The leactioii mixture was shaken imderH2 (3 Kg/cm^ After4 
d, an additional 0.5 g of PtOj was added and hydrogenation was continued for an 

10 additional 3 d. The reaction was flien filtered throu^Cdite and concentrated under 

reduced pressure to give a yellow oil. The yellow oil was dissolved in 50 mL of HaO and 
e3ctractedwifh50nsLofCHa3. The organic portion was removed and discarded The 
aqueous porticm was then made basb (pH~12) by addition of 10% NaOH solution. This 
was then extracted with CHCls (6 X SO mL) and the combined 

IS overNa2S04andconcentnitedtoabrownoiL The brown oil was dissolved in 100 mL of 
hot MeOH and treated with 1 g of activated darcoal. ThehotsohtionwasfiUeied 
through Celite and concentrated to dryness. The resulting gumn^ solid was concentrated 
several times with BtijO to give 3.19 g of 2-(2-niefli0>qrefliyl>l-{2-[2- 
(inetJvlainino)e£ho3^1ethyl}-6,7,8.9-tBtral^-l^ m an 

20 off-wUtB powder. 
MS348(M+H)*; 

'HNMR (300 MHz, 01X33)8 4.84 (s, 2 H); 4.48 (t, 5,7 Hz, 2 H); 3.84 (t. J = 6.7 Hz, 
2H); 3.70 (t. J= 5.7H2. 2 H); 3.46 (t, J« S.l Hz. 2 H); 3.36 (s, 3 H); 3.14 (t, J= 6.7 Hz, 
2 H); 2.96 (m, 2 H); 2.83 (m, 2 H); 2.65 (t, J - 5.1 Hz, 2 H); 2.36 (s, 3 H); 1.85 (m, 4 H). 
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Parts 



10 



15 



20 



2-(2-MethoxyeayI)-l-{2-[2-<me1irydkimmo)eftojy]e%l}-^J,^ 
iimdazo[4,5-c]qumolin-4-aiiuiie (750 mg, 2.16 mmol) was dissolved in 30 mL of 
anhydrous 031202 and treated wifli phenyl isocyanate (239 pL, 220 mmol). After stining 
under N2 ovemigjit, the reaction mixture was concentrated under reduced pressure. 
Crystallization from EtOAc and CH2a2 gave 170 mg of iV-(2-{2-[4-amino-2-(2- 
meflH)3qrethyl>^J,8,9-tBtraliydro-lir-inridazo[4,5w:]quinolinrl-yl]elhQxy}^ 
meflqrl-AT'-pheiQ'lurea as flufl^ white oyrtals. m.p. 167.7-170.0 "C ; 
MS467(M+H)*; 

'H NMR (300 MHz, DMSO-de) 5 8. 17 (s, 1 H); 7.43 (d, J = 7.6 Hz, 2 H); 7.21 (t, y = 7.9 
Hz, 2 H); 6.91 (t, J = 7.3 Hz. 1 H); 5.65 (s, 2 H); 4.43 (t, 7 = 5.0 Hz, 2 H); 3.72 (t, 7 = 7.0 
Hz, 2 H); 3.70 (t. 7= 5.2 Hz, 2 H); 3.46-3.41 (m, 4 H); 3.24 (s. 3 H); 3.07 (t,/= 6.9 Hz, 2 
H); 2.92 (m, 2 H); 2.85 (s, 3 H); 2.64 (m, 2 H); 1.72 (m, 4 H); 

"C NMR (75 MHz, DMSO-rftf) 5 155.6, 1512, 149.3, 146.3, 140.9. 138.4. 128.5, 124.9, 
122.0. 120.1. 105.5, 70.7, 70.5. 69.5. 58.4, 48.0, 44.6, 35.5. 32.8, 27.6, 23.8, 23.1, 23.0. 
AnaL Calcd for C25H34N«C)3: %C, 64.36; %H, 7J5; %N, 18.01. Found: %C 64.04; %H, 
738; %N. 18.02. 

Example 5 
N-<2-{2-[4-aimno-2-(2-meflioxyethyl)- 
l/r-iimdazo[4,S-^]quinolm-l-yl]ethoxy}etiiy])mo 



iimda2»[4,5-c]qumolin-4-amine (0.75 g, 2.3 mmol) was dissolved in dichloiomelhane (30 




Under a nitrogen atmosphere, l-P-(2-aminoe1hoxy)etliyl].2-p-methoxyethyl>l/r- 
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mL) and triethylainine (0.64 mL, 4-6 mmol) using mild heat and vigorous stitring. The 
solution was chilled in an ice-water bath and 4-niorpliolinecaAonyl chloride (0.27 mL, 2.3 
mmoQ was added dropwise. The cooling bath was removed and die reaction was stirred 
for an additional 4 hours. The reaction was quenched by the addition of saturated sodium 

S bicazbonate solution (25 mL). The phases were separated and the organic layer was 

washed with water (3 x 25 ml), brine (25 mL), dried (NaaSO^ filtered and concentrated 
to yield a yellow foam. The product was recrystallized from dichloromethane and ethyl 
acetate. The crystals were triturated with ether (2x5 mL) to remove residual solvent 
The final product was dried in a vacuum oven to provide 200 mg of N-(2*{2-[4-amino-2- 

10 (2Hmetho3Qrethyl)-li/-hnidazo[4,5H;]quinolin-l-yl]ethojy}etl^ 
cafboxamide as a tan crystalline solid, m.p. 164-166 ^C. 

NMR (300 MHz, DMSOd^) 5 8.06 (d, J = 8.1 Hz, 1 H), 7.61 (d, J = 7.3 Hz, 1 H), 7.42 
(t. J « 7.2 Hz. 1 H). 7.23 (t, J - 7.8 Hz, 1 H), 6.51 (s, 2 H), 6.33 (t, J = 5.0 Hz, 1 H), 4.74 
. (t. J = 4.3 Hz, 2 H), 3.85-3.81 (m, 4 H), 3.49 (t, J = 4 J Hz, 4 H), 3.33 (t, J = 5.9 Hz, 2 H), 

15 3.30 (s, 3 H), 321 (t, J « 6.8 Hz, 2 H), 3.14 (t, J = 4.5 Hz, 4 H), 3.08 (t, J ==6.0 Hz, 2 H); 
"C NMR (75 MHz, DMS0-d6) 8 157.8, 151.9, 145.0, 132.7, 126.7, 126.6, 121.4, 120.5, 
115.1, 70.4. 70.2, 692, 58.4, 45.5, 44.0, 27.6; 

AnaL Calcd for CnB^tSti^A: %C, 59.71, %H, 6.83, %N, 18.99. Found: %C, 59.71, %H, 
6.80,% N, 18.78; 
20 MS(CI)m/e443(M+H) 
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Bxanq>le 6 

NK2-{2-[4-ammo-2-p-meflioxyeliiyl>lH-mudazo[4,5-<;]quinoto^ 
N-metiiylmoiplioliiie-4-caiboxaimde. 
NH2 



10 




2K2-MefliwqrctIqrl)-l-{2-[2-(me%laniino)e1ho«y] 
c]qiimoliD4*a]iime (802 mg, 2.34 mmoQ was dissolyed in 30 mL of anlQrdious CELzCk 
and cooled to 0 <*C mder N2. To fbo stined solution were added EtaN (0.65 mL, 4.68 
nunol) and moiph6linecaiboiqrI chloride (273 tiL, 234 nnnoi) and the reaction was 
allowed to waim to room temperature ovemig^ The reaction nmrture was then quenched 
by addition of satuntedNaHCX}] solution (30 mL) and CBfaCb (30 mL). The oiganic 
layer was sqpaated and washed wi& 1^0 and brine, dried over N^S04 and concentrated 
under reduced pressure. Puiificatian by column dnomatogr^by (SiQz, 2-5% 
MeOH/CHCU saturated with aqueous NH4OH) gave fbs product as a colodess fbam. 
Crystallization fixnn EtOAc gave 640 mg of N-(2-{2-[4-Bmino-2-(2HDedi09^e%0-lH- 
IS imidazo[4^]quinolinrl-yl]eflio3gr}edq^NHne%fanotidio]ine^ 
crystals. Kfy - 121 .8-122 J «C. 
MS457(M+m*; 

•h NMR (500 MHz. DMSO^ S 8.06 (dd, /- 0.9, 8 J Hz, 1 H); 7.61 (dd, /- 1.1, 8 J 
Hz, 1 H); 7.41(ddd, 7- 12, 7.0, 8 J Hs, 1 H); 722 (ddd. 7- 1.3, 7.0, 8.1 Hz. 1 H); 6.44 (s, 
20 2 H); 4.74 (1; /- 52 H^ 2 H); 3.84 (t. /- 52 Hz, 2 H); 3.82 (t, /- 6.9 H^ 2 H); 3.50- 
3.43 (m. 6 H); 3 JO (s. 3 H); 320 (^ 7- 6.9 Hz. 2 H); 3.16 (t,/- 5.5 Hz, 2 H); 2.88 (t, J 
-4.7Hz.4H):2.59(s.3H): 

"C NMR (75 MHz. DMSCW,) S 163.8, 152.0, 151.8, 1452, 132.7, 126.7, 121.3, 120.6, 
115.1, 70.4, 69A, 68.9. 66.1, 58.5, 49.1, 47.3. 45.5, 36.9, 27.7. 
25 Anal. Calcdfor C23HJ2N6O4: %C, 60.51; %H, 7.07; %N, 18.41. Found: %C, 6036; HH, 
6.85; %N, 18.19. 
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Exanqples 7 -21 

5 PartA 

A solution of tertAmtyl 2-{2-[(3*ainmoquinolin-4- 
yl)amino]ethoxy}ethylcaibamate (3.46 g, 10.0 mmol) in 50 mL of toluene was treated 
with triethylorthovalerate (2.S mL» 14.S mmol) and flie reaction mixtuie was heated to 
reflux. A 25 mg portion ofpyridiziiuml^drodiloiide was &en added and lefhxing was 

10 continued for 4 h. The reaction was then concentrated to dryness under reduced pressure. 
The residue was dissolved in 50 mL of CH2G2 and washed with saturated NaHCOa, H2O 
and brine. The organic portion was dried over Na2S04 and concetrated to give a green oil. 
The green oil was dissolved in SO mL of hot MeOH and treated with activated charcoal. 
The hot solution was filtered and concentrated to give 4.12 g of tertAyutyl 2-[2-(2-bu1yl- 

15 lJ?-imida2X)[4,5-c]quinolin-l-yQetlioxy]ethyl^^ as a yellow oiL 
PartB 

A solution of tertAmtyl 2-[2-<2-butyl-lH-unida2X)[4,5-c]quinolin-l- 
yl)etiioxy]ethylcarbaniatB (4.12 g, 10.0 mmol) in 50 mL of CtkCk was treated with 3- 
chloropen»Qrbenzoic acid (MCFBA, 77%» 2.5 g, 11.2 imnol). After stirring for 5 h, tiie 
20 reaction mixtore was treated wifli saturated NaHCOs solution and the layers were 
separated Tlie organic portion was washed with HizO and brixietiiendri^ 
and CQncentiated to give 3.68 g of /ert-bulyl 2-p-^-4mtyl-S-oxido-l^-iniidazo[4,S- 
c]quiiiolinrl-yl)efhaxy]etliyIcazbaxnatB as a light brown firanL 
Pait C 

25 A solution of ^4ni1yl 2-[2-(24>ufyl-5-K)xido-LFr-inudazo[4^-c]qmw 

yQefliaxyjetfaylcaibamale (3.68 g; 8.60 mmol) in 100 mL of 1,2-diclilofroefliane was 
heated to 80*^ and treated with 10 mL of conceiitrat^ Tofteiqndly 
stirred solution was added solid p-toluenesulfimyl cUoride (1.87 9.81 mmol) over a 10 
minperiod. The reaction fruxtore was then sealed in a pressure vessel and heati^ 

30 conthinedfor2lL Tfaereactionimxtnre was llien cooled aiid treated witii 100 mL of 
CB^Ck' Tlie reaction inixture was flm washed witii l%Na2CQ3Sohtion (3^ 
brine. Theorganicportionwa8driedGfverNa2S04aiidconcentralBdtogive3.68gof/srr- 
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butyl 2-[2K4-animo-2-butyl-lir-iinida2oI4,5<]quiiM „ a 

light brown fiMim. 

PartD 

Tert-butyI2-[2-(4-Bniino-2-butyl-Uy-umdazo[4,5-c]qumolm-l- 
5 yOethoxy]efliyIcaibainate (3.68 g. 8.60 mmol) was suspended in 20 mL of 2M HQ in 
EtOH and the mixture was heated to reflux wife stining. After 3 h, the reaction mixture 
was concentrated to give a solid. The soUd was trihiiated with hot EtOH (50 mL) and 

ffltered to give 2.90 g of file product as fl» hydrochloride salt The ftee base was made by 
dissolving the hydrochloride salt in 50 mL of H2O and Ireatmg with 5 mL of concentiatBd 
10 NH4OH. The aqueous suspension was extracted with CH2a2 (3 X 50 mL). TTie 
combined organic layers were dried over Na2S04 and concentrated to give l-[2-(2- 

aminoefli<Mcy)ethyl]-2.butyl-lif-imida2o[4,5-c]quinolin-4-amine as a tan powder. 
MS328(M+H)*; 

'H NMR (300 MHz, CDCI3) 5 7.95 (d, / = 8.3 Hz, 1 H); 7.83 (d. 7 = 8.4 Hz, 1 H); 7.50 
15 (ni.lH);7J0(m,lH);5.41(s,2H);4.69(t,J-5.6Hz,2H);3.93(t,y = 5.6Hz,2H); 
339 (t.y = 5.1 Hz, 2 H); 2.97 (t,/= 7.9 Hz, 2 H); 2.76 (t, 7- 5.1 Hz, 2 H); 1.89 (m, 2 H); 
1 .52 (m. 2 H): 1.26 (hr s, 2 H); 1.01 (t, J= 73 Hz, 3 H). 
PaitE 

The conq>om]ds in fbe table below were prepared according to the synthetic 
20 n»flwxIof8tq> (7) ofReaction Scheme I above using fljefoHowing general n»^^ 

The isocyanote (84 (imoL) was added to a test tube containing a sohition of 1-p. 
(2-«minoethpxy)efliyI]-2-bu^l-Ur-iniidazo[4,5-<]quinolin-4-^^ (25 mg, 76 |imoI) in 
dichloranie|]iane(5niL). The test tube was o^jped and flien placed on a shaker at ambient 
temperature for 20 hr. Tlie solvent was removed by vacuum centtiibgation. The residue 
25 was purified Iqr semi-preparative HPLCnsingflie method described above. Thetable 
bdow shovra die structure of liie fine base and ti» observed accurate mass (M 
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Example 
Number 


Stracbne of Fiee Base 


AccutateMass 
fobs.^ 




CH, ■ 




7 




4132644 














8 




427^641 








9 




4272823 


10 




4472486 
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Example 
Number 


Stnictoie of Free Base 


AccinateMass 
fobs.^ 








11 




4412638 








. 12 


O A 


4532980 








13 




47Z2457 








14 ' 




4772611 
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1 Example 
Number 


Stnictiue of Free Base ^ 


1 

|l 


15 




487.2804 


1 




490.2919 








17 


HP-s 


493^86 


\- 






18 




207.2741 
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Example 
Number 


Stnictme of Free Base 


Accurate Mass 
fobs.) 


10 


&\ 


511^120 


20 




525.2280 


21 


AA 


645.1758 



Examples 22-36 



S PartA 

Using Ibe general mefliod of Part A of Exaiqples 7-21, 4-pipeiidme e&anol (1 0 g, 
77.4 mmoQ was reacted wx&di-^e/t-butjrl dicaibonate (17.7 g, 81.3 nunol) to pzovide 13.1 
g of /err-butyl 4-(2-hyd]X>:}7ea]yl)p9endine-l-ca]bo37late as a clear oiL 
PartB 

10 bdine (7.97 g) was added in duee portions to a solution of imidazole (3.89 g, 57.1 

mmol) and triphenylpbosphine (14.98 g, 57.1 mmol) in dichloramediane (350 mL). After 
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5 minutes a solution of &e material fiom Part A in dichloromethane (70 mL) was added. 
The reaction mixture was stirred at ambient temperatuze overnight More iodine (7.97 g) 
was added aiul the reaction was stined at ambient tempemtuie for Ibr. Thereaction 
mixture was washed wifli saturated sodium fhiosulfate (2X) and brine, dried over sodium 
S sulfi^, filtered and ttien concentrated under reduced pressure to ^ 

The residue was purified by column duomatography (silica gel eluting wifli 20% ethyl 
acetate in hexanes) to provide 15.52 g ofiert-hntyl 4-(2-iodoethyl)piperidine-l- 
cafboxylate as a pale yellow oil 
Parte 

10 Under a nitrogen atmosphere, 2-(LEr-imidazo[4,S-c]quinolin-l-yI)butBn-l-ol (6.S g, 

26.9 mmol) was added in fliree portions to a suspension of sodium hydride (1 .4 g of 60%, 
35.0 imnol) in anhydrous NJNfniimeftylfixnnamide. The reaction mixture was allowed to 
stir for 45 rninutes by which time gas evolution had ceased. Tert-butyl 
iodo6tfayl)pQ)eridine-l-caxboxylate (10.05 g, 29.6 mmoQ was added drqpwise over a 

15 period of 15 nimntBs. The reaction xnktnre was aUowed to stir at ambient temperatm 

2.5 hrs;flien it was heated to lOO'C and stirred overnight Analysis by HPLC showed that 
Oe reaction was about 35% complete. Satumted ammonium chloride solution was added, 
the resulting mixture was allowed to stir fiyr 20 minutes and then it was extracted wifli 
ethyl acetate (2X). The eOyl acetate extracts were washed with water (2X) and then with 

20 brine, combined, dried over sodium sulfiite, IBltered and then concentrated under reduced 
pressure to provide a brown oil. The oil was purified by column chromatography (siUca 
gel eluting sequentiaUy widi 30% ethyl acetate in hexanes, 50% cQsyl acetate in hexanes, 
and ethyl acetate) to provide 2.2 g of ^6rt-butyl 4-{2-[2<lH-imidazo[4,5-c]quinolin-l- 
yl)butoxy]etfayl}piperidine-l-carboxylatB. 

25 PartD 

Using the general me&od of Exsaaples 7*21 Part H, fte material fixnn Part C was 
oxidized to provide tertAmtyl 4-{2-[2-(5-oxido-lfl'-nnidazo[4,5-c]quinolin-l- 
yl)butoxy]ediyl}piperidin6-l-ca3baxylate as an oiL 
PartE 

30 Ammonium hydroxide solution (20 mL) was added to a solution of fln material 

from Part D in dichloromefhane (20 mL). A solution of tosyl chloride (0.99 g, 5.2 mmol) 
in dicMoicmiethane (10 mL) was added over a period of 5 minutes. The resulting biphasic 
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reaction mixture was allowed to stir overnight The reaction mixture was diluted wifli 
chlorofonn and saturated sodium bicaibonate solution. The lay era were separated. The 
organic layer was dried over sodium sulfate, filtered and then concentrated under reduced 
pressure to provide a brown glass. This material was purified by colunm chromatography 
5 (siUca gel eluting first vnOx 50% ethyl acetate in hexanes and then with etiiyl acetate) to 
provide 1.0 g of tert-hixtyl 4-{2-[2^4-amino-lfl^miidazo[4,5-c]quinolin-l- 
yI)butoxy]ethyl}piperidine-l-carboxylate as pale yellow glassy foam. 
PartF 

Under a nitrogen atmosphere, tert-butyl 4-{2-[2-(4-amino-l/f-imidazo[4,5- 
10 c]quinolin.l-yl)butoxy]ethyl}piperidine-l-carboxylate (1.00 g, 2.1 mmol) and 2N 

ethanolic hydrochloric acid (10 ml, 20 mmol) were combined and tfie solution was stined 
at ambient temperature for 14 hours. The solvent was removed in vacuo and flie resultmg 
tan solid was dissolved in water. Saturated aqueous sodium carbonate was added until ttie 
pH reached 10. After extraction with dichloromefliane (3X), the organic fiactions were 
15 combined, washed wife brine, dried ^a2S04), filtered, and tiie majority of the solvent was 
removed in vacuo. Hexane was added to form a precipitate. Vacuum filtration yielded 0.5 
g of l-{l-[(2i)iperidin-4-ylethoxy)me%l]propyl}-l/r-imida2» as 
a tan powder. 

'H-NMR (300MHz, DMS0-d6) : 6 8.34 (bs, IH), 8.19 (d, J - 8.49Hz, IH), 7.61 (dd, J = 
20 8.31, 1.13Hz, IH), 7.45-7.39 (m, IH), 725-7.19 (m, IH), 6.55 (s, 2H), 5.25-5.15 (m. IH), 
4.00-3.80 (m, 2H), 3.5-3.3 (m, 2H), 2.8-2.64 (m. 2H), 2.22-2.1 1 (m, 2H), 2.09-1.99 (m, 
2H), 1.8-1.63 (bs, IH), 1.37-1.0 (m, 5H), 0.95-0.7 (m, 5H); 

"C-NMR(75MH2, DMSO-d^): S 152.8, 145.8, 140.6, 133.0, 127.8, 127.0, 126.9, 121.3. 
121.0, 115.5. 71.8, 68.1, 58.4, 46.1. 36.3, 33.1. 32.7, 24.5, 9.9; 
25 MS (O) m/e 368.2459 (368.2450 calcd for QkiHsoNsO). 
PartG 

The compounds in the table below were prqNoed according to the syotiietic 
mefiiod of step (7) of Reaction Scheme I above usnig the following general method. 

The isocyanate or i sotiuocyanate (75 (imol .) was added to a test tube containing a 
30 solution of l-{l-[C2-p^dinr4-ylelho:^)me%l]propyl}-li^ 

amme(25mg,68^mo0indichlorometfaane(5mL). The test tube was capped and tiien 
placed on a shaker at ambient temperature for 20 hr. Hie solvent was removed by vacuum 
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centrifiigatioB. The residue was purified by sezxu-prephialive HPLC using the method 
described above. The table below shows the structure of the fiee base and the observed 
accurate mass (M + H). 
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Exanple 
Number 


Stactuze of Fiee Base 


AccmateMass 
fobs.) 




NH, 




26 




493.3270 








27 




512.2757 








28 




517J2907 


29 




527.3112 
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Example 
Number 


Stuctuie of Fiee Base 


Accurate Mass 
fobs.) 




NH, 




30 




529^11 














31 




533^704 


32 




547^032 


33 




5652641 
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Example 
Number 


Stucture of Free Base 


Accurate Mass 
fobs.) 


34 




585.2056 


35 


0 


521.2297 


36 




503J2589 



S Examples 37 -44 

Part A 

A solution of /M^iulyl 2-{2-[(3-a]nmoqnmol^^ 
yQa]nino]6di037}e&3^»iba2iiate (6.92 g, 20.0 mmoQ in 100 mL of toluene was treated 
wifli triediylortliofimnate (4.65 mL| 28.0 mmoQ and fhe xeaction mixtuxe ivas heated to 
10 leflusL A 100 mg portion of pyiidimumfaydzoclilori 

continued for 2 h. Tbe reaction was llienconcentiated to dryness under reduced pressure. 
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The residue was dissolved in 200 mL of CH2CI2 and washed with saturated NaHCOa, H2O 

and brine. The organic portion was dried over Na2S04 and concentrated to give a gtera 

oil. The greenoil was dissolved in 200 mL of hot MeOH and treated with 10 g of 

activated charcoal. The hot solution was filtered and concentrated to give 5.25 g of terf- 

5 butyl 2-[2-<l/f-imidazo[4,5-c]quinolinrl.yl)ethoxy]ethylcaAanmt^ as a light yellow 
syrup. 

Parts 

A solution of tert-hutyl 2-[2-(l/f.tmidazo[4,5-c]quinolin-l- 
yl)eflioxy]efliyicarbamate {525 g, 14.7 mmol) in 200 mL of CHiQi was treated with 

10 MCPBA (77%, 3.63 g, 1 6.3 mmol). After sticring ovemigbt, flie reaction mixture was 
treated with saturated NaHCOa solution and flie layers were separated. The organic 
poition was washed with H2O and brine ften dried over Na2S04 and concentrated to give 
4.60 g of fert-butyl 2-[2-(5-oxido-lif-imida2»[4,5-c]quinolin-l-yl)ethoxy]ethylcarba^ 
as a li^t brown foam. 

15 Parte ' 

A sohxtion of ^ert-butyl 2-[2-(5-oxido-lfr-imidazo[4,5-c]quinolin-l- 
yl)eflu>37]efitQrlcaxbamate (4.60 g. 12.4 mmol) in 150 mL of 1,2-dichlQioeflume was 
heated to 80 and treated wifli 10 mL of concentrated NH4OH solution. To flie rapidly 
stirred solution was added solid p-toluenesolfonyl chloride (2.71 g, 14.2 mmol) over a 10 

20 minperiod. The reaction mixture was treated wifli an additional 2 mL of concent 

NH4OH solution and then sealed in a pressure vessel and heating was continued for 3 h. 
The reactionmixtnre was tiien cooled and treated witii 100 mL of Hie reaction 

mixture was then wadiedwitiiE^O^lKNaiCQs solution (3X) and Tlieorganic 
portion was dried over Na2S04 and concentrated to give 4.56 g of t^-butyl 2-[2-(4- 

25 amino-l/r-unidazo[4,5-c]quinolni-l-y0eaioxy]e%l as a light brown foam. 

PartD 

7err-butyl 2-[2-<4*amino-lH-imidazo[4^<^]quinol]n-l.yl)eau>^]^^ 
(4.56 g, 123 mmoO was dissolved in 100 mL of EtOH and treated witii 30 mL of 2M HQ 
mEtOH and the mixture was heated to reflux with stirring. After 3 h,tiie reaction mixture 
30 was concentrated to give a solid The solid wias triturated wifli hot EtOH (100 mL) and 
filtered to give tiie product as the hydrochloride salt Hie fi»e base was made by 
dissolving tiie hydrochloride salt in 50 mL of H^O and treating witii 5 mL of concentrated 
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NH4OH. The aqueous suspension was extracted with OlzC^ TTie 
combined organic layers were dried over NaiS04 and concentrated to give U5 g of l-[2- 
(2-aminoetho3^)eliiyl>Ur-imidazo[4,5-<l<Fiinolinr4^^ as a tan powder. 
MS272(M + H)*; 

5 'H NMR (300 MHz, COaj) 5 7.98 (d, / = 8J2 Hz, 1 H); 7.88 (s, 1 H); 7.84 (d, J - 8.4 Hz, 
1 H); 7.54 (m. 1 H); 7.32 (m, 1 H); 5.43 (s.2H); 4.74 (t.7= 52Hz,2H); 357 (t, J= 5.2 
Hz, 2 H); 3.42 (t, 7= 5.1 Hz, 2 H); 2.78 (t, /= 5.1 Hz. 2 H); 1.10 (br s, 2 H). 
FartE 

The compounds in the table bdow were prepared according to flie syn&Btic 
10 tneftodofstep (7) oflteactionSdhenie I above usingtte following genraal method. 

l.p-(2-AniinoeflK«y)etlQrl>lH-imidaa»[4,5-clqiii^^ (20 mg, 74 imiol) 

and l-mell^-2-pytrolidinonB (5 mL) were combined in a test tube and tiwn sonicated wifli 
heating to provide a solution. The isocyanate (81 imraL) was added, flifi test tube wa^ 
capped and flien placed on a diaker at amWentlm^ "n^solventwas 
15 removed by vacmmi cenlrifogatiom. The residue wL purifiedby semi-prepaiative HPLC 
using fliemefljod described above. The table below shows flie structnreoftheftee base 
and the observed accuniB mass (ML +H). 
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Example 
Number 


Stactme of Free Base 


Accurate Mass 
fobs.) 








37 




371:2204 














38 




301.1884 








39 




397.2373 


40 


> 


416.1844 
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Example 
Number 


Stuctuxe of Fiee Base 


Accurate Mass 
robs.) 








41 


b 


421.1946 








42 




431.2206 








43 




451^115 








44 




455.1513 
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CYTOKINE INDUCnON IN HUMAN CEIXS 
An in vitro human blood cell system is used to assess cytokine induction. Activity 
is based on flie measurement of interferon (a) and tumor necrosis fector (a) (IFN and 
TNF, respectively) secreted into culture media as described by Testerman eL aL in 
"Cytokine Induction by the Immunomodulators Imiquimod and S-27609", Journal of 
Leukocyte Biology, S8, 365-372 (September, 1995). 
Blood Cell Prepara tion for Culture 

Whole blood ftom healthy faoman donors is collected by venipuncture into EDTA 
vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated ftom whole 
blood by density gradient centrifugationusmgffistopaque«^^ The PBMCs are 
washed twice with Hank's Balanced SaUs Solution and ttien are suspended at 3-4 x 10^ 
cellaAnL m RPMI complete. Ihe PBMC suspension is added to 48 weD flat bottom sterile 
tissue culture plates (Costar, Cambridge, MA or Bedmi Dickinson Labware, Lincohi Park, 
Ml) containing an equal vofamie of RFM 

The compounds axe sohibilized in dime%l sulfoxide (DMSO^ TheDMSO 
concenHation should not exceed a final concenlcation of 1 % for addition to tiie culture 
wells. 
Xncubation 

The sohxtioo of test compound is added to the first well containing KPMI coinpletD 
and serial dilutions are made in tiie wells. The PBMC suspension is tiien added to the 
wells m an eq^ vohmie, tacinguig the test conq)ound concent^ 
ThefinalcQDceDtiationofPBMCsuq)ensionisl.S-2X10^cell8A^ Theplatesaie 
CO vexed witii sterile plastic Uds, mixed g^ntfy and then m^^ 
25 37X m a S% carbon dioxide atmosphere. 

FoUowmg nicttbation the plates axe centrifiiged for 5-10 minutes at 1000 xpm 
(-200xg)at4'*C. The cell-ftee culture fflq)ematant is removed wifli a sterile 
polypropylenepq)et and transferred to sterile polypropylene tubes. Samples are 
30 mamtained at -30 to -70^C until analysis. Ihe samples are analyzed for mt^eron (o) and 
for tumor necrosis fector (a) by ELIS A. 
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Interferon fa^ and Tu mor Necrosis F«"^or H Analysis bv BLISA 

Interferon (a) cimcentration is detennined by EliSA usng a Human Multi-Species 
WtfiomPBL Biomedical lAboiatoiies, New Brunswick^ Results are expressed in 

pg/inL. 

5 Tumor necrosis fiustor (a) concentration is detennined using EUSA lots available 

from Genzyme, Cambridge, MA; R&D Systems, MSnneq?olis, MN; or Phaimingen, San 
Diego, CA. Results are expressed in pg/mL 

The table below lists the lowest concentration found to induce interferon and ihe 
10 lowest concentration found to induce tumor necrosis fector for each compom A"*" 
indicates tiiat no induction was seen at any of the tested concentrations; generally the 
highest concentration tested was 10 tnr 30 |aM. 





Cytoldiifi Iiiductioa ill Buaun Cells 


Example 


Lowest E£fectiveConcentmtion (|iM) 


Number 


Interferon 


I^imor Nectods Factor 


3 


0.01 


037 


7 


0.0001 


10 


8 


0.0001 


10 


9 


0.0001 


1 


10 


0.0001 


10 


11 


0.0001 


0.1 


12 


0.0001 


1 


13 


0.0001 


1 


14 


0.0001 


10 


15 


0.0001 


0.1 


16 


0.0001 


10 


17 


* 


10 


18 


I 


* 


19 


0.1 


10 


20 


0.01 


10 
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Pytddne Indnctioii in Hunian Cells 


Example 


Lowest E£kctive Concentration ()tM) 


Number 


luterfiuun 


IVonor Necrosis Factor 


21 


1 


10 


22 


0.1 


1 


23 


1 


1 


24 


0.1 


I 


25 


0.1 


1 


26 


0.1 


1 


27 


0.1 


I 


28 


0.1 


1 


29 


0.1 


1 


30 


1 


1 


31 


■ ' ■• 1 


10 


32 


0.1 


1 


33 


1 


10 


34 


1 


10 


35 


1 


1 


36 


0.1 


* 


37 


10 


10 


38 


10 


10 


39 


10 


10 


40 


10 


10 


41 


10 


10 


42 


10 


* 


43 


10 


10 


44 


* 


• 
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WHAT IS CLAIMED IS: 

L AcompoimdoftlieFonnulaCI): 

NH2 




0) 

10 wlifirein: Xis-<HRrt"<BR3-«Ikyl-,or-CHR5HaI^ 
Ri is selected fimn the groiip con^ 

15 .IU-NIU-CR3-NIU-2^-RHwtBroa^ 

-lU-NRr- CR3— MRr-2WU-*^^ 

20 -IU-NRr<3R3~NI^Z— R€-«ryl; 

-lU-NI^CRa— NRr-Z— Rtf^eteioaiyl; and 

R2 is selected fiom the group consistmg of. 
-bydrogen; 

25 -aHyl; 

-alkeoyl; 

-aiyl; 

-heleroaiyl; 
-heterocycIyU 
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-alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 

-aUg^l-Y-aryl; and n 

- alkyl or alkenyl substituted by one or more substituents selected 

fiom tlie group consistxiig of: 

-OH; 

-halogen; 

-N(R3)2; 

•CO.N(R5)2; 

-CO-Cmo allqrl; 

-CO-O-Cwo alkyl; 

-N3; 

-heteroaxyl; 
-heterdcyclyl; 
-CO-aiyl;and 
-CO-hetenKuyl; 
eacliR3is>Oor"S; 

each R4 18 independendy all^l or alkeoyl, which may be intempted by one 

or more groups; 

each Its is independendy H or Cmo aDcjl; 

B6 is a bond, all^l, or alkenyl, if^uch may be intetroplBd by ^ 
-0-gn>up^ 

R7 is H or Cmo alkyl ^xdiich may be intenupted 1^ a hetero at^ 
join with R5 to form a ring 

RsisH, Ct.ioa]kyl,QraiylaDeyl;orIUandR8canjomtDgef!hertofon^ 
ting; 

S9 is Cmo aOcyl which can join togedier wiSi S« to form a riz^ 
each Y is independenfly -O- or-S(0)MS 
Z is a bond, -CO-. or-^Qz-; 
n is 0 to 4; and 
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each R present is independenfly selected from the group consisting of Ci.jo 
alkyl, Ci.io alkoxy, hydroxy* halogen and trifhioiomethyl; 
or a phannaceutically acceptable salt thereofl 

2. A compoimd or salt of claim 1 wherein X is -<!H(aIkyl)(alkyl^ 
groups can helbe sane or different. 

3 . A compound or salt of claim 1 wherein X is -CHr-CHr-. 

4. A compound or salt of claim 1 wherein X is -CHCCzHsXCHa)-. 

5. A compound or salt of claim IwfaeremKa is H. . 

6. A ccmipound or salt of claim 1 wherein Sft is all^L 

7. A compound or salt ofckimlwheremRa is -flIkyl-0-«Ik^ 

8. A conqx>und selected fiom the group consisting o£ 
iV^2*{2-[4-amino-2-<2-meCho3^%I)-lH-imidazo[4,S^^^ 
phenyhirea; 

/\^(2-{2-[4-amino-2-(2-metho3cye1lQd>6,7»8^-tetndiy^ 
yl]eflioxy}ethyI)-^-phenyluiea; 

N-<2-{2-[4-aimao-2<^-methoxyethyI)-lff-iniidazo[4,5<]9 

yl]etho3cy} ediyl)morpholine-4-carboxamide; 

N<2-{2-[4-anMno-2-^-meliM)xye1hyl>lH-imida2o[4,5 

N-methylmorpholine-4-caiboxaniide; 

//'•<2-{2-[4-ammo-2-(2-me&oxyetfayl>ljFf-inuda2o[4,^ 

methyl-iV*-ph6ny]urea;and 

i\^(2-{2«[4-amino-2-(2-methoxyefixyI)-6J,8^-tBtrahydro-Ur-m 

yl]efhoxy}ethyI)-JV-meaiyl-JV-phenylurea; 

or a phaxmaceutically acceptable salt thereof. 
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A coiiq)ound of tbe fonnula (U) 




iiriieieiii: 



X is -CHR5-, -CHRs-alkyK or-CHRs-alkenyls 



10 



IS 



20 



Ri is selected fiom flie gioiq> consisting of: 

-Rr*IRr<ai3— NRa-Z-R^-atyl; 
-R4r4m8- CR3-l«5--WU4wten)8^ 

-R4—NR8-<aR3--NR5R7; 

-R4-^«lRr<3Cj— NRr-Z— Rtf-^ 
-R4r-NR8-C3l3— iniHZ-IU-fln^ 
-R4-NR8-CR3— NRr-Z^Rfi-aiyl; 
-R4-NRr- CR3— NRr-Z— RHietBioaiyU and 
-R4-NRr- CR3— NRr-Z-RHietBrDcyclyl; 
R} is selected fiom tbe group conststing of: 
•hydrogen; 
-altyl; 
-aOceir/l; 

«heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-attyl-Y-alkei^ 
-alkyl-Y-aiyl; and 
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- alkyl or alkenyl substituted by one or more substrtuents selected 
from the group consisting of: 

-OH; 

-halogen; 

-N(R5)2; 

.CO-N(R5)2; 

-CO-Cmo alkyl; 

<X)-0-Ci.ioa]kyt 

-N3; 

-fioyU 

-heteixNiiyl; 
-heterocyclyl; 

-CO-hjBtBToaxy^ 

' 6achRaisK)or«S; 
each R4 is independently alkyl or alkenyl, wMdi 

or more -O- groups; 

each Ss is independent H or Cmo alkyl; 

Re is a bond, alkyl, or alkeoyl, which may be interrupted by one or more 
-O-group^ 

R7 is H or Ci-io alkyl which oAy be intenuptedby ahetero atom, or R? can 
join with Rs to form a ring 

Ra is H, Ci-io alkyl, or aiylalkyl; or R4 and R« can join togelh^ 
ring; 

R9 is Ci-io alkyl which can join togeflier with Rg to firan a ring; 
each Y is independently -O- or -S(0)o.2-; 
Z is a bond, -CO-, or -SOr-; 
n is 0 to 4; and 

each Rpresent is mdependendy selected fiom the group consisting of Cmo 
alkyl, Cmo alkoxy, hydio^gr, halogen, and trifhumanefliyU 
or a phaimaoeudcal^ aoceptable salt 1hereo£ 
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10. A compound or salt ofclaim 9 wherein Ra is H or alkyL 

11. A compound or salt of claim 9 wherdn Ra is -«Ikylr-0-^alkyL 

S 12. A phaimaceuticd composition conQ>iising a dierapeuticaUyefF^^ 
compound or salt of claim 1 and a phamiaceutically acceptable canier. 

13. A method ofindudngcytoldne biosynthesis in an animal compri 

a tfaetapeutically efGsctive amount of a compound or salt of claim 1 to the animal. 
10 . 

14. The me&od of claim 13 wherem the cytokine is IFN-o. 

15. A mediod of treating a viral disease in an animal comprising administering a 
flieiapeutically effective amount of a compound or salt of claim 1 to flie animal. 

15 • • ' •■ 

16. A mettwd of treating a neoplastic diaeaga in an animal compriBing aAniniwtii ring » 
fiiB rapeu tioallyeflfectiveamoflntofaconqwnndorsahofclaimltD 

17. A comiiouiid of die fonnula (HQ: 

20 




(Ed) 

^vliBiein: X is -CHR5-, -CHRs-all^l-. or -CHRs^alkenyl-; 
Ri is selected firom flie gcoap consisting o£ 
25 -Rr^IR«-CR3— NBj-Z-R«-fl]kyl; 

-RrNRs-CRa— NRj-Z-Rj-aDceiqrl; 
-R4-NRg-CR3— NRr-Z-Rtf-aiyl; 
-IW-NRr- CR3— NRs-Z-Rfi-heteioaiyi; 
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-Rr-NRff- C3t3--NRr-Z--Rr*eterocyclyl; 
-R4-NR8-CR3-NR5R7; 

-IU-NR8-CR3-NRr-Z-R<ralkenyl; 

-R4-NRr- CR3— NRr-Z— R«-hetBtQatyl; axid 
-R4-NRr- CR3-NR9-Z— RHietetocycIyl; 
Ri is selected fiomOe group consisting of: 
-Iq^dxogon; 
-alkyl; 
-aDcenyl; 
-aiyi; 

-heteioaiyl; 
-heterocycfyl; 

-aOyl-Y-alkiBnyl; 
-alkyl-Y-aiyl; and 

-alkyl or alkenyi substitated by one or mote substituents selected 
fiomtte groiq) consistmg of: 
-OH; 

-N(R5)2; 

-CO.N(R5)2; 

-CO-Cmo alkyl; 

-CO-(K;i.io alkyl; 

-N3; 

-aiyl; 

-hetsroaiyl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-hetecoaiyl; 
eachBais^Oor^S; 
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each lU is indq)endently alkyl or alkenyl, wU 

or more -O- groups; 

each Ss is independently H or Cmo aDcyl; 

B6 is a hond, or is eSkyi, or alkeir^l, which may be intetniptBd by one or 
more -O- groups; 

R7 is H or Cmo allgrlwhichnmy be inteni^rtedby ahetero atom, or R7 can 
join with R5 to form a line 

Ra is H, Cmo allgrl, aiyklkyl; or lU and Ra can join to fomi a ri^ 
R* is Cmo aDgd which can join together with Rs to fbnn a ring 
each y is independently -O- or -S(0)o<r; 
Z is a bond, -CO-, or -S Or-; 
ni50to4;and 

each R present is independenfly selected fiom the group consisting of Cmo 
alkyl, Cmo alkoxy, hydro;^, halogen and trifluoromethyl; 
\ " braphaimacOTticdly acciqrtabl^ 

18. Acompomulofdiefiinonla(IV): 

O 




(IV) 



wherrim Xis-CHRr,*<3IRraIIgrIene-,or-CHR5^aIk]^ 
Ri is sebcted fixnn the gxmp consisting o£ 

-R4-NRr- CR3~NR5-Z-RHieter^ 
-R4r^«Rr-C Ra— NRs-Z-Rd-ietenx^fyl; 
-R*-NR«-CR3-NR«R7; 
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-RHSnRs-CRa-NRr-Z-Re-^iyl; 
-R4r-NR8- CR3— NR9-Z— Rtf-heteroaiyl; and 
5 •K4r-NRr-CR3— NRr-Z-Rfi^e^ 
each Y is independently -O- or -S(0)o-2-; 
Z is a bond, --CO-, or-SOr-; 

each R* is independently alkyl or alkenyl, which may be interrupted by one 
or more -O- groups; 
10 each Rs is independently H or Cmo alkyl; 

is abond, or is alkyl, or alkenyl, which may be interrupted by one or 
more -O- groups; 

R7 is H or Cmo alkyl which may be inteiniptBd by a hetero atoni, or R7 can 

join wi& to fiozm a rings 
15 R,i8H,CwoaIkyl,oraryla]kyl;orR4andR«cm^ 

R9 is C].io aDcyl which can join together witti Rg to form a ring; 
ni80to4;and 

each R present is indq)endentiy selected fiom the group consisting of Ci-io 
alkyl, Cmo alkoxy, halog^ and trifiuorometbyl; 
20 or a phaimaceutically acceptable salt thereof 

19. A pharmaceutical composition comprising a flierapeutically efiBsctive amount of a 
compound or salt of claim 9 and apbarmaceutically acceptable canier. 

25 20. A method of inducing cytokine biosynthesis in an animal comprising administering 
a fhempeutically effective amount of a compound or salt of claim 9 to the animal. 

21. The mefliodofclaim 20 wherein the cytokine is IFN-ou 

30 22. A method oftreatfaig a viral disease in an animdconqjrising administering a 
therapeutically effective amount of a compound or salt of claim 9 to &e anhnal. 
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23. A method of treating a neoplastic disease in an animal comprising aAminish mng i 
fterapeutically effective amount of a coo^oimd or salt of claim 9 to the ammal. 
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